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]’RKFA(',E. 

Thk last (tenth) edition of thi^^hook, and th(5 first edited*hy us, was 
puhlis^iod as lon^' a"6 as 11)11, when Mi% PVarieis was still 

living' at the a^^e of ei^dity and able to ^;i^n tlie Pieface., Fn^onis 
profaee ho (!X])iessod th(i ho]Vi that ho wo^ld ftjui to see the Jubilee 
, (18()J-191J) of “the least ])orishahle work^ sujipose, of iriy life.” 
This liojie was fulfilled (ho died in 11)17 a^'od Hd), but lie, did not 
sur-^ijve to see a further edition, which perhaps ho rni}. 5 ht have soon 
hut for th(5 War. 

Unfortunately, from various oauisos the publication of this edition 
has boon ^u'eatly didayed, and the hook has Ixion out of print for 
several years. (Considerable ehanires have now been made, which, it 
is hoped, will l )0 found to add to its usefulness. Whereas previously 
it was usual to print all the “ Methods of Procedure ” in smalier type 
than the other portions of tlu* text, we have thron^diout^ this edition 
adopted almost uniformly a lar^^e and clear 1^'pe. 

The section on Oas Analysis in previous editions was mllinly the^ 
work of Dr. Herbert Mcljeod, F.R.S., who died at an advanced age 
whilst this hook was pass' tg through the press. This s(‘etion having 
l)ecoino very much out-of-date, the services of Messrs. If. Ilollings, 
tl .fie., and tf. S. (1. Thomas, D.Sc.. two well-known specialists, were 
secured, and they have contributed an entirely new section, which 
constitutes a comjuehensive and up-to-dat(‘ little treatise oit the 
ject such as lias not previously existed in Knglish. 

^ The whole work has been carefully revised througliont, and mun^ 

I additions and ropIacemenV? mad(^ In Parts 1. and li. the sections jjn 
the burette, pipette and gi\*jdua^‘,d^lask have been entiiely I'e-written, 
and full detW-ls given of the riiej^ods of standardisation employed at 
the National Physical Uahoratory, witli the “limits of error” allowed. i 
The section on Indicaftrs has also been entirely re-written, with many 
aiJclitions. Tlie most recent methods for the technical analysis of 
ammoniacal li<]u^VK Have again been included# The desciiption of the 
I\>iaahl ])rocess has been le-writtmi, with additions. Sevei’al altera- 
tic^is an^ additions have boon nuulii in Piyls III. and IV. Tn Parts 
V. and ^I. the alterations and addition^ are i!irJ-oo numerous to 
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specify, whilst several portiols have re-written. In the metal¬ 
lurgical sections wt* desire to fr^knowledgo particularly the v^alv.able^ 
assistance rendercdMiy Afr. llernard f'ollitt, F.I.C. In Part Vi., 
under ‘‘ ftlyceriii," the Jiiteniational Methods 0 / Analysis are given 
in full. Bloxam’s methods of deterniining Irniigo are fiiily described. 
The section on Sugars and Starcl^. has been thoi'oughly re«is**d. 
Uiufer “Tanrjfn^” 4he most recent methods of analysis are given. 

^ The Water and Sewage AnaHsis section hasSi^ain been thoroughly 
revised, with %evjn'al additions, especially in th(T portion dealing with 
the determination of Dissolved Oxygen, For Table IX., “(Dissolved 
Oxygen iiuNatural Waters ” umfer stated conditions of temperature 
and salinyji^p. wc are indejited to Dr.^’j. (1. .fecf T(!chiiical Ad-^ser to 
tK<Standing Committeorof. Kivers l^ollntion (1921) Ministry of Agri¬ 
culture and Fisheriei*. The Talile is founded upon the valiw*s de¬ 
termined by Dr. ('. -T. Fox {Puhliaitiom tie Clironstance No. 41). 
A new featuve in this edition is the collection of typical analyses of 
the public wj^tei' supplies of (ireat Di-itain. Sev(U-aI public analysts 
have kindly made special analyses for this j)uipose, or liave sup^iiliod 
information not to he oUaimul elsewhcie. The description of Sir 
E. Frankland’s combustion method of analysing water residues has 
been deleted on the ground of l)eing very little used for years past. 

The International Atomic Weights for 1923 have been adopted 
throughout, and all factors, minuu'ical examples, etc., re-calculated 
where necessary. Many of the original ])apers summarised in the 
book have l)een re-read and fuller c'xtracts given. Throughout the 
- work wi have eiideavoufed in all cases to gi^e the im])ortant working 
details which count for so much in th(^ j>ractica! work of the labora- 
•tory. 
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MliMORAflDA. 


WKKillTS APrt) MKASURBS. 

, . 24.) , 

lm(5tre = H9-27(>tJ2 iiicli?s.* 

;!'2.S084:i feet. • *• 

^ 1 jjMiii (f'ln.) = l.')'432.'i(i crriiitis (itTh.). 

1 kilot;f;ini « 2'2()4() II). 

The''Htainlat’<l litn.* i.s tin- voluim) of a kilogram of pure wator 
at 4“ tk iiiJcliT ataiiilanl l)aroini‘ti'i(' ])IV.'hmmv. 

I litro Hl()()'027 ciikii; cciitiiiictiiw, 

„ - I ^oiliSO pints. 

,. - 0 2200 oalloii. 

] liti'o of wator at ]5" (k ;unl 700 itim. wiaAis SMtS'O.') <'*ranis. 
(Sec p. 27.) 

TKMPKRATIJRE. 

Tlic usual sOiuilanl tciiii)eratin'<' for eradiiali'il vos.scls and 
staiiilard solutions u.scd in volunieh'ic analysis is lo (k ( = .50 F ). 
For special i)Urposcs, however, other tcinpiu'atui'cs are also in 
coinffnai use (see p. 20). 

• NORMAL SOLUTIONS. , 

A normal .solution of a reagent is one tlnit contains in a litre 
that proportion of its molecular weight in trains which (■ori'es])onds 
t(^100S jri-ani of availahle tiydroeen or its wjuivident (.see p. 20). 
Decinorinal (".'lo) and centinonnS (“/,jo) solntiyn.s are re.sjsictively 
of onc-tenth and oucdiundrcilth or^hi,s«streii};th. 

Jfy means of a .standafl solution, a };iveu volume of which ha.s 
heeu «j)i'oved to be eipiivalent to a known amonut of a certain 
Huhstiince, the cpiairtity of .such substance contained in a given 
qu^nC^fy of another .solid oi' li(jui<l body can be )lete»mined. This 
procoas is termed titration (see p. 4). 

• xi 
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unnecessary recalcr latious. The latest values are lll'OOS and 14*00fl respoctivedy. 






•VOL UMETRiq- ANALYSIS- 

OF ' 

i 

LIQUIDS AND SOLIDS. 

I % 

PAiiT r. 

OENERAL PRINCIPLE. ' 

QdANTiTVTrvK ;ui;i.lysjs l)y wi'ijflit, or j^iavini(‘h'ir analysis, 
consists in scj)aratinff out the conslitucnts of any cotii{p)un(l, (Utlior 
in a jniro st;i.te or in the form of sonu' new suhsLnin-e oi known com¬ 
position, ;m<! accurately weiehino the jiroducts. Such operations 
are fre([Uontlv very coinpiicnted, atul occupy a- loiij^ time, hesidos 
rctjuirinj; in manv cases elahoniti.* apparatus, and the exercise of 
nujcli' care and e\p(?riniental know liMl^a'. Volumetric processes on 
the other hand, are, as a rule, (piickly p<u'fonned ; in im>st cases are 
susceptihh ol extn'im? accuracy, and lu'ed much siin|iler a))i)aratus. 
The leadino primujile of tlie inothod eoii.-isrs in suhinUtinjt tlie 
suh.stance to ))<> detiM-inim'd to certain characteristic reacthms, 
employinj^ for such reactions solutions of known siren^fti*', and 
from the voIunu5 i>f solution necessary for Ihe }>roducliou of such 
reaction calculatinj; the wid^'ht of the snhslanei' to he determined 
by aid of tin' known law's of chemical cfjuivah'nce. 

Vohim(‘tri(! analysis, or (juantitativc chemical analysis hy measure, 
in tlTo case o^ liquids and soli<ls, eonse<|ueutty depends upon tlio 
following coudit ions for Us successful praci ice ; - 

I. A solulioii of tli<f rea'tent, the chemical value of which is 
accurately knowm, calle<l the ‘‘standard solution 

‘J. A ^u-aduated vessel from wliich portions of it may bo 
{dbcuratcly <l<divcre<!, called ^le “ burette”. 

• IL Tlie <lecoiu)>osition produced _,l>y the standard soluliou with 
any t^ivcn substance must (‘ither®ln itsidf or liyuri indicator Lo sueli, 
that itn tfrnii/ialiun is ututiisfa^^Ne to the I’tje, ami thereby the 
quantity of the substance with wdncli it lias comhine.d accurately 
calculated. ^ 

t^ippose, for instance, that it is desin^d to know tin: ({uanlity of 
pure Sliver coutaii'*!d in a shilling', riie coiij is lirsl dissolved in 
nitric acid, by vvliicli means a bluish solution, containing silver, 
copjiJr, and prol>ahly other metals, is ol)taine<l. It'^isi a known fact 
that ^hlorine combines with silver in the jfrosonv%‘ of other metals 



JcirfiEs. 

I 
t 

in§o]uh!(‘ in ifitrie ar^id. TlTe 
proiK>rtjons i« which l^io coftihinalion ^akes place are c^phlorine 
to every 107'88*of siUcr. ('Onse(^ucntly if a standard solution ol sfrdingi 
chloridc'is iiiadi* liy dissolving" 58-40 ^n. of the [mre salt ^eipiivalent 
to 35-l») ^rni. of chlorine) in vvator an<l diluting"* to 1000 c.c.. 
eacli c.c. of tliis solution will co*mlunc with f'07'8H/1000 = 0*10788 fjm. 
of pure silver to form silv('r chloride^as a wliitc curdy precipitate,w|iich 
settles rapidly, especially on ^irrin^, leaving a. itlear supernatant liquid 
above. The*at)Ove standard i(:>Iufion is run ^carefully from a va^ssel 
^adnated in ciiUc centimetres, while stirrinj^ thy )i<pii<l, until a point 
is atj lengtii ^ jiauhed when the :iddition of om^ more drop of tlie standafti 
sodium chloride solution fails to prpducc the least opalescence in the 
liquid. This shows that the \\iiole of the silver has ))oen jweeipitated 
from tiie solution. The numher of'i^vihic c(‘ntipietr(;s thus a<ld^d is then 
noted and would he aho^t4K-4 in the case of a new shilling. Hence 
4'H*4 xtO-I078H == 5'lf‘J] gm. silver, equivalent to 80-6 grains, is the. 
amount present in <jic ctin. 

This method of (h)tcrmining Ihe quantity of silver in any giveip 
solution oceiipies scarcely a quarter of an hour, wliercas the 
determinatyui by weighing conhl not ho done in half a day, and 
even then not so accurately as hy the volumetric method. It must 
be understood that there i'.iv, c<*rtain nc<'cssary precautions in con¬ 
ducting the above [>roc(?ss which have Tiot been (h'seribed; those 
will be found in their proper place ; V>ut from this example it will at 
once he seen that the saving of time and trouble, as compared with 
the older methods of analysis, is immense; besides wliich, in the 
majority of instances in which it can be applied, it is eiiually 
accurate,Sind in many cases much mor<‘ so. 

The only conditions on whn-li the volumetric system of analysis 
can ho carried on sncccssfully are great i-arc with respect to the 
graduation of the measuring instruments, and their agreement with 
each other, the strength and purity of the standard solutions, and 
the ab.senee of otlier matters which would interfere with the accurate 
determination of the particular substance sought. 

The fundamental distinction b(^twc<*n gravimetric find volumetric 
analysis is that, in the former method, the substance to tbe 
determined must ho completely isolated in the purest possible state 
or combination, necessitating in many instance^ very patient and 
discriminating labour; whereas, in voluim'tric processes, such 
complete separation is very scl<lom roqtire<l, the proce.sses being 
contrived as to admit of the^ presence of half a dozen or moi^ 
other iubstances wl^ch have no (^ect upon the particular chemical 
reaction required. ^ 

The process just described for instana^, the determination of 
silver in coin, is a case in point. The alPby consists of silver and 
copper, with small proportions of lead, antimony, tin, etc. N(!fhe of 
these metals affect the amount of salt solution •which is chemically 
required to precipitate, the silver, whereas, if the m<?tal had to be^ttr- 
mined by weight, it would be necessary first to filter thff nitric acid 
solution to free it^from fvsolublc tin, etc.; then precipitate with %slight 
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to form Silver chloride, (v’hich is 
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e»ci!ss* of sodium chloride; th^i briag precipitate upoif a filter, 
and wash rei»e«t(‘dly with pure water untn ever^ trace of copper, salt, 
etc., i^ removiui. The pure sl!ver cWorido is timn cfii^^fully dried, 
j^iitod seii^irabdy ffom the fil^r, and weighed; the filter burnt, the 
residue as redipfid imfliallic silver aifd filter ash allowed for, ailfl thus 
finally tlie amount of .silver is found* by the balance with ordinary 
weights. • 

* the otlu^r hand, the volffiiKdrk process has rf)een puwly 
chemical, the burette im^asuring ir|strument lAs takfcn the place 
*of the balance, and ^theoretical or atomic weiglits liave supplanted* 
orlinary weights. • ^ ^ 

The end tlic operation in this method of analysis is in all cases 
made ap})arent to the eye. In alkalimMry it is the change of colour 
produced in litmus, turmeric, orfli^ijor sensitive cxdouring matter; 
the formation of a permanent precipitate, as^ln the <l(dermination of 
cyanogen ; a precipitate ceasing to form, as in chlmdne amUsilvor 
determination; the appearance of a distinet ^cdour, as in iron 
analysis by j)ermanganate solution, and so on. * 

* 1 hav(! adopted the classirieation of methods used l)y Mohr and 
oIIkm’s, natmdy 

1. Methods of Saturation.— Where the determination of the sub¬ 
stance IS effected by saturation witlf anotlnu’ .substance of opposite 
properties,- generally understood to include acids and alkalis and 
alkaline earths. 

2. Methods of Oxidation and Reduction. -Whore the determination 
of a substance is efleef.exl by a reducing or oxidizing agent of known 
})Ower, incUuling most metals, with their oxides and salts. The prin¬ 
cipal oxidizing agtmts are potassium permanganate, potassiuiii dichro¬ 
mate, and iodine; and the corresponding reducing agents, ferrous and 
stannous compounds, and soiliiim thiosulphate. * 

2. Methods of Precipitation.— Where Uie determination of a sub¬ 
stance is effected by precipitating it in some insoluble and definite 
combination, an example of which occurs in the determination of silver 
■<lo.S(a’ih(‘<l atiove. 

’I'lfh clasaifi'^ation does not completely include all the volumetric 
processes that may l>e iise<l, but it divides them into convenient 
sections for describing th(^ peculiarity of the reagents used, and 
their preparation. If strictly followed out, it would in some cases 
necessitate the n^gistration of the body to be determined under 
tu^i or three! iieads. CoppiWjlfor instance, can lie determinod n^sidually 
by permanganate; it can also be d^tiwmined by precipitation with 
sodium sul])hide. 'L’lie dcternunal*on of the same^metal by potassium 
cyanide, on the other hand, wouldti^t come under any of the above 
lieads. * 

It will be fouiui, tlierefero, that lifnirties liave been taken with the 
arran^ment; and for t^onvenieiit rof(!rcnce all analytical processes 
applicable to a given Ipody are included under its name. 

•It* may be a matter of surprise to .some that sc^veral distinct 
volumetric jnethods for one and the same substance^rc given ; but 
a little^ consideration will show that in mang»insta*iec8 greater con- 
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voniene^, and also accuracr, may be^^ained in this w'ay. Tlie oi>erii*or 
may not have one paVticuIar reagent at (Command, or he n^w luive to 
deal with such a iiivture of sub8tanc<*s as to preciu(l(! tin* use ef some 
one inetliod : wliereas another motlu;' I may heSjuite frev from such 
oi)jecfion. The choiee in .such <*a^<os, of course, requires judgment, and 
it is of the greatest importance‘^tliat the opefator should )'o acipiaiiited 
with the qualitative composition of the matters witli whicli lie is dealing, 
uRd that lut should ask himself fit every step why such and sTieh a 
thing is to Refdone. j 

It will bo ^i[)parent from tlie foregoing dcjicription of the volu¬ 
metric tliat it may be succ("isfully us^d in many instancesrby 

those who liave never been tliorouj^hiy trained as an!ilyti<,?il chemists; 
but wc can never look for the scientilic devclojimonl of the system to 
such as these. 

In the preparation of this work an endeavour has Ihmmi made to 
Tlesciybe all the operation.s and chcmi<-al reaction.s a.', simply as pos¬ 
sible, all the ncue'ssan^’ calcnlatinns being made as far as |)ossil>le 
without the aid of h'ing niatliemalical formul.T and requiring usuallv 
nothing f^irlhcr than a knowliMlge of the ordinary ruics of arithimitic 
and occasionally of elementary algebra. 

TECHNICAL TERMS. 

The following are the technical terms used in volumetnr analysis, 
with their meanings 

Titration is the process of determining the quantity of a certain sub¬ 
stance in a solution by means of a reaction bet ween that substance and 
a standav’*d solution each c.(’. of wliich is equivalent to a known weight of 
the substance to be <lctermincd. 

Tins is direct titration. 

The valiialile process of indirect titration is used where the alMwc is 
inap[ilicablc, and the element, etc., to be det(U‘mincd has to b<‘ deduced 
from the titration of a deeoinposition product of a gnen Injuid or solid 
substance. This is excmpliHcd in tfic analysis of manganese ores, which 
by boiling with hydrochloric a<'id <‘volvc chlorine. The Matter is afebrbed 
and deter/nined, ami tlie eorrcsijonding amount of manganesi* diivcide 
obtained by calculation. 

Residual titration is the process of determining the quantity ol a 
certain substance in a solution by hrst adding to it a measured volume 
of a standard solution more tluin sufiitiCciit to bring about a kmKvn 
chemical change, then <le(,crminYig the: excess of the rcagimt thus adiKui 
by means of another standard solution. 

For example, native eah-ium oariuin carbonate cannot be titrated 
directly with acid, because it is necessary to add hydroeliloric (or nitrii;) 
acid in excess in order to effect solution, rlence, the method of pro¬ 
cedure in this case is to weigh out, say, 0-25 gm. of tlii» powd(;red jfiineral 
into a flask and to a^ld svater and a known volukiefA e.<‘.) of stamlard 
hydrochloric acid, more tluin sntlieient to decomi»ose tlm eai^oiKite. 
The flask is Mien heated gently till elferve.sccnc<' ceases iwid all is dis¬ 
solved cxciipt some silic«t>pus residue. After cooling, an indicator jjS added 
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ami a standard arkali sniution, of equivale|t strenstli to the'standard 

acid, is ca^fiillf added from a liynd-te until tlie liquid l)ectviics neutral. 
Suppose "liat fi e.e. are T-eqiiircd. Thcif tlio comhiniTd acul is given hy 
tin! (liffereni'c A - B,*wliencc tli|carbonate c,an is! calculated, e.g^ from 
the equation * •* 

BaCO, + enCl = Baci, + CO, + H,0, 

Nttrinal Solutions.— Tlie definition of tlie term “nornfal solution ” 
and full [)articiifars as ta the preisiratioli and use of'tlnsstj !ire given on 
•p. 2!l,■«■(/. 



,‘l'HEdNSTRUM^iNTS AND APPARATUS. 

THE BALANCE. . o 

t t 

Strictly speaking, it ia nei-essa^ry to have two balnnws in order 
to earrj^.out completely the Volumetric system. One to <*arry about 
a kilogram in each pan and to when fully loaded vvitl| about 5 
milligrams ; the other^t^^ carry about 50 grams ami to turn easily and 
quickly’, when fully loaded, with one- or^two-tenths of a milligram. The 
former instrumentals us^d for weighing large amounts of pure reagents 
in the preparation of Standard solutions, and for making the iu‘eessary 
weighings when graduating or testing measuring flasks. The latter in¬ 
strument, v^liich must be of much lighter construction, serves for weigli- 
ing small quantities of substances to be tested, many of whieli, being 
hygroscopic, need weighing quickly as well as accurately, also for the 
delicate weighings required when testing the accuracy of japettes and 
burettes. 

For all technical purposes, however, a moderate-sized balance of 
medium dcdieacy is quite suffichmt, c'^pccially if ratlier large «]uantities 
of substances are weighed and brought into solution,— then further sub¬ 
divided by means of measuring flasks and pipettes. 

The operator also requires, besides the balance and graduated instru¬ 
ments, beakers, porcelain basins, flasks, funnels, stirring rods, etc., as 
in gravimetric analysis. Above all, he must b(5 practically familiar with 
proper methods of filtration, washing of precipitates, and iho. application 
of heat. 


VOLUMETRIC ANALYSIS WITHOUT WEIGHTS. 

Tias is more a matter of curiosity than of value ; but, nevi'rtheless, 
one can imagine circumstances in which it might he useful. Jn carry¬ 
ing it out, it is necessary only to have (1) a eorrect l)alance, (2) a pure 
specimen of substance to use as a weiglit, (C) an accurate burette tilled 
with the appropriate solution. Jt is not necessary that the strength ^f 
this sfmuld he known ; but the statrtof concentration should be sucli as 
to permit the necessary reaction^t* occur under the most favourable 
circumstances. 

Jf a perfectly pure specimen of substance, say, calcium carbonate, be 
put into one scale of tlie l)aianc.e, and bo counterpoised with an impure 
specimen of the same^substance, and both titrated with th(5 same acid, 
and the number of c.c. used for the pure substance be called lOt*, the 
number of c.c.* lised for the impure substance will eorrespoml to tfie per¬ 
centage of pure calciunf carbonate in the specimen examined. 

‘ 0 
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. Tlie application of the proiSisais, of com;sc, iiinitod to the ukc of such 

substances asoan? to be had pure, and vvhise \v(?i^dit is not variable by 
expoaprjf but whore oven a pui% subst,ance of one Jiind Pannot be had 
a% a weight, one of atiotluw kinc^inay be used as a substitute, and the re- 
(piired result olltaiiuid by cahnilatioti. J'\)r instance, it is required to 
ascertain the [uirity of a ^)eeinien of Sodium carbonate, and only pure 
calcium carbonate is at hand to use as a weight; (sjual weights of the 
two%ilj tak(‘n, and the impure spe^imen*titrated with ae^d. To aifive 
at the required‘result, it is necessary to find a coeffici(ipt#or factor by 
• which to convert the nuflilxM* of c.c. re(juired by the sodium carbonate. 
\lteighed on the calcil^^f, into tliat whicii sliould be reqijin^^l if weighed 
on the sodigin, basis. A considj'ration of the relative molecular wefghts 
of the two l)odies will give the factor tlnw— 


(kilcuim carbonaWJOO'O, 

• • - , . =-d)-h440h. 

So(linm carbonate 100 * 

• f 

If, therefore, the c.c. used are iyultipli(Ml liy this ni^mher, the pcM'L^ntago 
of pure sodium caibonatc will he obtained. Oit this^iruimple, and with 
,the exercise of a little ingenuity, the analysis of a number of ^substances 
may lie earned out. 

L. d 0 K 0 n i n gh has communicated to me a similar mcUiod diivised 
by himself and I’eacock, in which the same end is attained without 
the aid of a pure substance as standard, thus ; say, a sp(‘cim(‘n of impure 
common salt is to be examim*d. A nioderab* portion is put on the balance 
and coiintcrj.M>ise(j with silvci- nitrate; the latter is then dissolved in 
water, made up to lOO c.c. and placed in a luiretfc. The salt is dissolved 
in water, a few drops of potassium cliromate adder! and titratci' witli the 
silver solution, of wliich 10 c.c. are required; iht^ salt is therefore equal 
to 10 per eent. of its weight of silver nitrati', then- ♦ 


10-00 : r>H-4li : : 10 _ ;P44 Ka(tl 


Or, in the case of an iinpnn' soda ash, an equal weight of oxalic acid 
(H20 .jO^, lilf./) l‘J0'048) is taken and made up to 100 e.c.; the soda re¬ 
quires, say, 50 e.c. for saturation, or 50 per<-<‘nt., then - 


12(>-04.S . 100 : : 50 - 42-04 NaX’O, 

It may happen that, in some cases, mon* than one pm-iion of tin* reagent 
is fequired to decoinposi* tin* sulrstain-i* titrated, ainl to provide against 
this two or nion^ lots should lx* wcigJied in the lirst instain-e. * 


^ VOLUMETRIC ANALYSIS WITHOUT BURETTES OR OTHER 
graduated INSTRUMENTS. 

Tims operation consists in weighing the standard solutions #n the 
balance instead of measuring tln'in.' ^’he infinenco of variation in tem¬ 
perature is, of course, liere of no conscqin'in'c. Tin* chief requisite is a 
delicate flask, fitted witlf a tube and blowing ball, or an instrument 
kno\>^i as Sc. h u s t in’’s alkali meter may he used. A s|K*cial hiirette has 
been devised for thisi^)ui-tM)S(* by Oasamajo r.’ J'he motliod is capable 
of«vecj' accurab* results, if can* be takim in pn'paring the standard solu- 
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tioni^ .an(t avoiding any joss in ponri ig' Vhe ii(iui<l frem the vessel in 
wliieli it is wi'ijjiu'd, Jt oecipies muen more time Ilian fJie usual pro¬ 
tosses of voliunetrie anafysjg, but 
jt jjreal oxtronx's of temperatui'e 
II is far m6i‘(‘ acAirati*. 

Vhe burette. 

• t 

This instninient is iisi'd for 
the fi(‘if,-erv of an aeeiirately ■ 
measured Volume of a standarj^l 
solution. It invariably consists 
of a cylindrical g)a,ss tube of uni¬ 
form Ixu’o ‘(raduated in cubic 
centime’ures and with ‘subdivi¬ 
sions in fifths or tenths. Usual 
o.ipacifies arc 10, :;5, and TiOc.c. 
^o’aduated in c.c, and 100 c.c. 
graduated in I c.c. • 

Xiimerous forms of bundle 
have been invented and us(‘d in 
the past (e.c. Gay 1.ussac’s, 

(1 <‘ i ss ] (* r ’ s, and 11 i n k’ s),' 
but practu-ally the only kinds in 
use at the jiresent day are the 
following 

Mohr’s Burette.'— This is 
shown in its original form in 
fig. 1. Th(‘ siandanl solution is 
delivonxl at will by pn'ssing tlie 
pinch-cock, wJiich cli|)s a short 
piece of india-rubber tubing 
carrying a glass jet. Tlu' rultber 
tubing shouM be wired on to the 
burette tube by short !f*»gth 
of fine brass or copper wire, and 
the clip so adjusted that no 
drojjs of the solution can escape 
exc<‘pt when it is pressed. The 
form of this Imrette most fn.Mjuently used, ln^wever, is made with aglasu 
stofi-cock, as in fig. 2, or fig. .3, a modilication designed to prevent thet, 
tap from slipping out of place. Gfti«st-;to})-cocks should lie occasionally 
wiped Sry and then'smeared witiv a small <iuantity of vasclim; as 
■ lubricant. A thin ring of ru'i>ber tubing (cut from burette tubing) 

' For dt'sciiptitma of these- hureltus see previous eiUtions of tl is Ixiok. ^ 

'Karl Fried no li M olir (IHOii-lHjy), (icriiiaii pharniiici.st, reroj^iiized as Uie leading 
sdeiitific pliarmarist o( lii.s tiiiif iii (rennatiy. lie was tht- authorbf many iiii|jr ivenientsiii 
aualytieal processes, and he methods (if viduoietrir analysis were expounded in liis 
(Ur chfhnsfh- ini<ihj(i*.-heii TdrirmihoiU (ISof)), winch won ttie special coimnendation of 
Liebig an(| lias run tlirouj'h mauy^eflitioiis. 
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stretched over the projectinf; n:|jrrow cud sjf a fjlass lap is itsefni fer 
keeping it in i»sitii)ri. Hiirettes with glas.s^.sto|j.focks have tlie advan¬ 
tage til a ^fhey Io;ive both hatuls^of tin? ♦iporalor ami can be 

s(ft to deliver dro|»saPatiy desiiT|l rale*. This kind must always Ih*. used 
for standard sffution^ of {)otassiiiil\ periimnj'anato and iodin^ since 
both of these act ujeon rul^l)er. Owin^ to thee action of caustic alkalis 
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on glass, tap bnrcites should not l)C ^|jnpIoycd for strong solutions of 
caustic potash or soda, unless einpticed ami washed iniinodiately after 
use * 

An«iddition to tin* bnn'tfe, due to 8 c li (* 11 h ac h, consists of a white 
•natnclhid hand, with •‘ential blue rih})on, fuscul vertically at the hack 
>f tl»e*tiib(3 (fig. 4). This not only remlers tlic graduation marks and 
igures*nioretdistinet, hut (‘uahles the level of the liqilifl to be read 
vith great ease and aceiiracy, as owing to refnuitton it«,ppcars pointed. 
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S c h e‘ 1 ] ^ a c li ’ s burctt<‘, hawevcr, hiif^nol; proved altogether satisfactory 
in pnietice, ami is admitted ilnly to Olass B tests at tlie NMional Physical 
laboratory. I'To oRa,niel-baek burettes^are admitted to Class^A tests. 


Geissler’s burette is titter! with a ^lass stopix'r at the tpp liaving*^a 
small i^)erturo in the side wliieh*cau )>o broiiplTt opp(fsite an opening 
in the burette tube when the irtstrunient is,in U'<e. It is suitable for 
volatile solutions, and for general use. «• 

< # . • 



Totfacilitate tilling, burette'; an* sf»njetiiri(‘s made with funnel-shaped 
tops. ^ ^ 

When not in use, hnrettes should be eovered with a short inverted 
test-tul)e to keep out the dust or inverted in the Imrette-stancl jet upper* 
most: fur those with funnel-shaped lops a greased glass plate iilUy be 
used. The clips shopld also Ik* i(‘mov(*d from tfcc* rubber-tubing and 
hung up on the burette; stand. • • 

Two formi? ?if Imrette stands, iiobhng six and two buiicttes re8|iec- 
tively are shown Hi figs? fi and b. ^ 
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Mode of ustrt]^ a Mohr's fiiurette. —the burette is emtty,' about 
30 c.e. th(? standard solution to be used should be uouied into it 
througli a small, short-stomnfed fuirtiel, run coihplefefy out into a 
dry vessel, and the^saino liquid passed tlirough tlie burette again, 
<lraincd completely out and thrown*away. The burette is theff nearly 
filled with the solution and a considerable amount of th(5 liquid 
allowed to flow back into the bottle from which it is being filled. It is 
theft filled nj) to a little above the zero mark and caridnl^' adjust<^d to 
this point. This proceilun? is necessary in order to geo completely rid 
of air bubbles, whieji often remain persistently in t)?(‘ rubber tubing 
twitil a current of Ii<jurd is run rapidly through it. blnikVe to gej^^ rid 
of these rmjj,' easily cause the spojjing of a determination, as, if not re¬ 
moved, th(*y generally make their uiufelcomc appearance dijring the ‘ 
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process of titration. With glass stop-cocks, of eoursi*, air buhhles are 
r(‘adily seen. 

In place of the usual metal pineh-cock of a M o h r ’ s hurette shown in 
m -1 (also fig. 7) or H o f mfi n n ’ s <damp (tig. 8), a short pieces of glass 
rt>d, which should not fit too tightly,^may be inserted into the rubber 
tubing. By firmly s<jueezing the*ubber siirroun^iing the rod l)«tween 
the thumb and finger a narrow (dianjjel i^s opened, througli which the 
liquid escapes, the rate ^f outflow being entirely eontrolled by the 
operator (see fig. {>). 

Wlien a certain standard solution is in eonstant requisition, it is 
convenient to have 41ie burette in permanent cyinmnnlcation with a 
rcien^ir from wfiicli it is filled as required. Tliis is (dtoi'ted by means 
of a T piec« of glass tailing (see fig. 10), inserte<l befw’ctm the lower 
end oj the burette and the clip and commwfti<-ati«g by means of a 



Ieti}<t.!i of rlibhor tuhiiij' and a socond clip with a ros('rvdir of a standard 
solution phu;(!|t on a sfiolf ai>ovo (fig. 12). On opening Bli(‘ dip 

the standard s(fhitirtn at onee tlows in^withont the formation of an^ 
bnbhlciL and further titrations can la* iifim'diatel^-proceeded wittn A 
neater arrangement than tlie al)ove is tiie two-way gl;*s stop-coek of 
Friedrich (see fig. 11). i* 
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The Titration of Hot Solutions. -For Atrating hot or Itoiling soli^- 
tions (e.g. in the determination of sugar by Feb ling’s solution) tli^ 
ordinal^' Mohr’s imrette is not availahh*, owing to the heating effect 
of the steam or vajjoiir on the, vokim; of tin* standard solution in the 
burette. In such eases a lunette witli long :^M|(*-tube provi<led with a 
glass tap is used (Fig. 13); or a .Mohr’s hnrette with a,n extra loi\g piece 
of rubber tubing, so that tl)<‘ hnrette stands at tlu^ side of the \^sscl 
that is being heated, afui the luhber tube is brought over its c<lge, the 
clip being fixed midway. No heal wd! then reach the bulk r^‘‘ttfe 
standard solution in the burette, sima* there can be no con<ln<4ion of heat 
past th(‘ clip. ^ * - 
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Standardized Burettes. - -fiuietties thatjiavc been staiiilanfizod at the 
Natioiiijyiiy^i’al Lai)oi‘atnry are snppliiwf ijy most il(Kile|.s in cliernieal 
apparatus. TIk^ toleranees or fiei'niiss'ihle oriurs fdr hiirottcs are tabu- 

fated on rv til. ' ^ t 

• * • 



THE CORRECT METHOD OF RBAWNO BUREITES AND THE . 
• USE OF FLOATS. 


HI; (•()ns(>i|iu‘nr(‘ of riijiilhiritv Hm' f'nri’.aci' of li(|iii(U in niirrow tubes is 
always curvt'd. Wftf'ro ilie wds Iho lubi*, its surface takes the 

f<^rrfi^of a iiieriiscus wliicJi is concave, as hhown in lij:. 14. In reading 
the heights^of such liquids in tubes, the jK>int where a g?ailuation mark 
coincfWos with the bottom of the curve is takoii* 



I 

M tlfli COUItKCT METHOD 01' READING RUHETTBS. , 

. 1 ' ■ 

Care must be taken that |.ho eye is as nearly as possible on the same 
lov(‘l as the iponiseus, otlierwise, owing to parallax, the i^adiq^may bo 
too high or too*low.* * 

Tli'i eye may be assisted matenally in reading the divisions on*a 
gradutwai tube by using a pi(^co of white paper or opal ^lass hold at an 
angle of 3(1” or 40° from the burette and noantho surface of the liquid, 
or a small eard, the lower half of wiiieli is hlaekened, tlie upper remain- 
ing^white. K the line of division between the black and white be‘lield 
about ail oigldfi of an ineh belaw the surface the liipiid, and the eye 
brought on a lifv'el with it, the meniscus can tl\“n be seen by trans- 
mitVd light* baAnde(\ below by a sharply dotihed black line. A caid 
of this kind, sliding up an<l <lown a,support, is of great uswin verifying 
tlie graijuation of burettes or*’pij)(‘ttcs with a cathelometer. Another 
good method is to us<'a pieces of ffiirror, upon/vliicli are gim^ined two 
strips of black pajK'r. Ipifj’ an inch apart; apj)iy it in contact with the 
burettf so that theev<‘ can be rcHccted in the open spac(‘. 
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Burette Floats. TIknc are little ac<re.ssories designed to enable the 
operator to obtain the most acenrate reading of tlui Inirctte. Erd¬ 
mann^’ s float was the first produced and is sliown in fig. 15 and fig* 3. 
It consists of a small glas.s cylinder marked with a central transverse line 
and weighted with mercury. 'J’Ik; reading is taken at the point where 
the line on the float (•oiii(M(les with a gradj'ation mark of the burotbe 
If not perfectly weighted this float tends to assume an oblique positiop 
in the liquid and is likewise apt sti'k to the inner wall of the burette. 
B e u t ?! I r 8 ^ float (fig. 1(1) gives good results if properly weighted so as 
to swim vertically in the liqupJ. •A disadvantage is that it sticks to the 
side of the burette when this is emptied, lit^iee it must b<! taken out 
every time the burette is to be refilled, and cleaned before being ropj^iid. 
Rey’s float, wliich is, jierliap.s, the best, has two^hulhs, one of which 
projects above the surface of the liquid and carries the mark by which 
the reading is .made. A float of some kind is almost indisponsaWe ftr 

^A. Be*ii»tcll, Z. f. angew. C., 1889, i, S. 
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use witli sue)i (l{trk-coIourod solutions us ^loeinoniiHl iodineVunrl per- 
mani^anat^. Ifi nil eas(!s, of cours«5, after tiic bunittc Inis boon tilled 
with the*standard solution, thi;? is ruiPoiit until M maVk on the float 
coincides witli the zera^raduatidn mark, tix'n the titration is prtijeedcd 
with and t)ie iinSl renaiii^^ of the burette! made in the same way. 

How to Clean a Bureite.- -New burettes shouM always he cleaned 
before heinj; used, and those in use should bo cleaned oeeasionally. 
The tnost irn[>ortant thinp to remove froni’a burette or pipotte is greaBo. 
Ordinarily tlie simplest ti^id best method of j)roe<Hlure is to t’our a strong 
and hot solution of sjjai) powder (i.c. soap and sodiumX-arbonate) into 
tlv liurctte. elose<l at th(! lower end witli a linger of thciefMiand, c^ose 
the top will# the riglit thumb and,s|iake vigorously. As burettes are 
usually too narrow to allow of tlio intro(i\iction of a tinish, some small 
pieces of ^filter paper antj a little shVer sand niay advantageougly be 
put into the tube iMd'ore shaking. In some case^p'-^^^e.g., a burette that has 
been used for hariiini liydroxnh^—stains may he removed by fillj»ig up 
with warm <lihite hy<h‘ochlorie acid and allowing to staml fora short 
time. Kre(jiiently simply shaking with water, lirfer paper and a little 
sand, <lo(!s all tliat is ro^inired. In ail case^ tiie burette should finally 
be well washed with taj) water, the out.side wified dry, fixed ;n a stand, 
rinsed out thoroughly with distilled water, covered with a test tnlie, and 
draiiKMl for sev<’ral hours b<‘for(‘ })einguse(l. Dirty hiin^ttcs are shown 
by tlte adluu'enee of drops to the <lirty parts. 

Lubricant for Glass Stop-cocks. riin‘ nihlx-r 2.'), vaseline 20, hard 
paraffin 1 to o. M(‘lt the vaseline and [laraffin and add the rubber in 
small pioees. Stir until a homogeneous mass results, avoiding over¬ 
heating. A mixture of three parts of vaseline and one part of rubber 
similarly made also answers well. 

THE PIPETTE. 

The pijiettos used in volnmetrii! analysis are of two kinds : (1) ordinary 
pipettes, wbieh liav<i hut one mark ami deliver a fixed <juantity marked 
on the ims'isLirc!; (2) graduated jtipiittes, the. stems of which are graduated 
to delfver variou*> (piantities at the discretion of the analyst. In using 
the,former, they are first filled iroiii the j(*t to about 1 cm. above the 
mark, then allow'i'd to run down just to the mark. Any drojis adhering 
to the jet are removed. Tlu! Inpiid is tlieii allowed to run out into the 
vessel where it is reipiired, the point of tlie j(>t touching the wall of the 
vessel. After tin* eontinuousloutflow lias (-(‘ased, the jupette is allowed 
to drain for 15 seeonds and the jet is ^hen stroked off the wall of the 
vessel. The stamkwl temporatiire^s 15” 0. j 

In the larger i)ipettes, tlu! upixu* i!n(i is narrowed to about j inch, so 
that the pressure of the finy:or is sufficient to arrest tlu* flow at any jKiint. 

Pipettes an! invariably fill(!d l>y sucking tlie upjier end with the mouth, 
unless'the liijuul is volatile or highly poisonous, in whieli case it is best 
to use Hume otlier kind of measurement. Beginners invariably find a 
diffiei'lty in quickly filling ihi* pqiette above the mark, and stopping the 
fluid at the ftxaet point. I’raeiico with [mre water is tlie'olily method of 

overcoming this. 
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Fiff. 5? shows an ,ordinary pipette and also a grMnated pipette of 
inodiuin sizp. It must i)e boriu' in^mind that tlie p!tKdt(>.graduated 
' throughout th(' stem is not a relial)le instrument 
jiv for aecurate, titration, owyig to tins xlifficulty of 

11 stopping the flow of li({uid at any’'given point and 

reading off tlie (‘xaet in''asur(uuent. Its ehi(d‘ use 
is in the approximat<‘ dc'termiiintion of the strength 
(d’ atiy ^'tandjird solution in the conrse of prepara¬ 
tion. 

Fig 18 shows a. very usefni form of j)i))ette for 
50CO' Bl measuring strong aeids or alkalis, etc., t)ie bulb 

ventiiig the (Mitninee of any li(iuid intf the mouth. 
For p<‘rmissibl(' (UTors in pip(‘ttes, see )). 20. 

ft 

' THE MEASURINO FLASK. 

'MKAstUGNa; flasks (tig. J!>) serve to make up 
stamlard solutions toagi\en volume, and also en- 
.•ihle till' atialyst, witli the ai^l of pipettes, to obtain 
alnjnot portions ol a sntistaiiee to be tested. Tlu'y 
slioukl )k‘ as narrow in tlie neck as is eompatibh^ 
with (‘iisv tilting and emptying, and the 
* mark slxnild be situated Im'Iow tlie michtlc 

I of tlie tK'ok, so as to allow room for 

ttiorouglily iHi.King the <*ont('nls i>y shak¬ 
ing. 

Mi'usnring flasks are made either to 
ctiiihiin or to deliver tin' quantities marked 
on them, and tin* timqterature at wliieli 
tlu^y ha\e been standardized sliould in¬ 
variably lie markiMi on also. Onlinary 
flasks with OIK! mark are always taken to 
(•onitna th(‘ amount sjieoifled. Vessels 
slandar(iize<| at the National Physical 
Lal>oratorv. Teddingtoig'vare marke<! with 
the letl<!r I) vvlien they are meant t<? de- 
liv(!r; if meant for botli content and de- 
Kio. 17. tie livery tiu' lettio’ I) is placed al)OV(! tlie 

upjier, and the letter C below the lowi!'*, 
mark. The standard tenqieratnre is 0. Thus, a standardized tfask 
marked “1 litre 15’ C.” is sik<’i tpat, at a temperature of 15" il, flie 
vohirtie of the contents of the flask is tin; saiiu! as that of a kilogram of 
water at a temperature! of -i ' C. 'Hinc(‘, hovvever, the density of water at 
IS*" 0. is 0-00013 gni. p(!r <'.c. tlu! weight ofe water at 15" 0. wliieli fills 
the flask up to tins rnai'k is gni., not l(MK) gm. 

Measuring flasks aie ordinarily made <)f 50, 70, 100, 200, 21 j 0, 500, 
1000 and 2000 c.c. ^■ai)acity. Flasks for delivery sliould be gradually 
tilted till nearly verti<!al, druineil for half a initiule, and the last re¬ 
moved by touching the side of the vessel into which th'ey are being 
emptied. ,' 


THE MEASUUINa FTiASK. 
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« • 

• 

For i>orinissi))ro errors in graduated flaskj, soe^^. 19. 

W. C. ^ i I das described a modified flask,^ sliown^yj fig. 20. It 
is handy in making up standaro solutions where the reagent cannot be 
weighed in an j^bsoiiiti'ly pure Itate, for instance, sulplinric aeij^ am- 
ii$onium thioevanat(‘, or uranic salts. §neh a (piantity, however, is taken 
as will give a solution aboift a ninth or tenth too strong, and the measure 
is made up to 1 KM) e.e. The real strength is then taken by two titrati^)ns 
on 2o or 90 <-.e. with a known standard, so that its exa-^t wording stnmgth 
is known ; the remaiiide^j of the 100 e.<'. is then removed down to the 
1(K)0 e.e. mark, and a flight calculation will show how mljch wateriias to 
• • • • 



• Kkj. I!). lOii ‘JO 


b<! added to ilie 1000 <‘.c. to make a corr(*ct solulion. .IfuulyaWtre is 
made up, an unkiiowji volume is left in the tlask, iind it must he trans¬ 
ferred to a measuring cylinder, where, owing to tin; large diameter of the 
V(‘?s(d, tli(5 graduation can uefer l)e so a<'curat(^ as in the narrow neck of 
tl^e flask. Shouhl the solution lu’ove >e only about a tenth too strong, 
the necessary dilution maybe ma(fe in the flask itself; hut if stifmger 
tliuii this, the flask must he omi^tied inV> tlje store bottle and rinsed out 
with the measured (juantit^of water njijuired, wliieh is then drained into 
the store bottle, and the whole carefully mixed. 

Intiddition to the measuring flasks it is necessary lo have graduated 
ve.sselsof eylindrical forthe purposeof prepariiigstandard solutions, 
etc# . 


1 C'. A’. 69, 99. 
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THE CV^IBIUTION OF GKADUATEI) AFPARATUft. 


In the verificatioh of fc tla^^k, the vessel is first carefully cleaniul, and 
filled with Vlfatilled water to a few mi^i. above tlic mark, ear# being taken 
to avoid wetting ttie neck above the I|.vel. The ^vufaee is th(Mi adjnsttid 
to \ae mark by removing smalMjnaiuitios of wKter with a fine capillary 
tube. Flasks intended for “d^^livery” are en)[)tn“d into a glass by gradu¬ 
ally inclining them, until, wlien the I'ontinuous stream of the liqiiiil has 
Ceased, tlipy are nearly vertical.* In this position they are all(iwed to 
drain for half h'linute, .and the lip is then stroked against the glass. 

Pipettes.-eThe delivery tip must eonforih with the eoJnlitions given 
for burette j/‘ts{2)—see ji. ‘Jl. The outlet imb^t be of sncli a size that 
tW outfiow of water oeeiipies the tune given in the table below; - “ 

** i : I 

Capacity c.c. . . . j 5 -■ 10 i 50 ! l(X) [ 1^50 

i i ' i I • 

Tyne of outflow—secs!,.' 10-20 j J5-30 I 20-40 | oO-OO ' 45-!t0 

. I • I ' I 

Note.—F or eajilu ities not faluilated the delivery tiiiu's are tho^e ot 
tlio nexl larg(‘r tabulated eupaeity. 

The tpleranecs allowed on pip(d-i(‘s, whether ordinary or aiitoniati(;, 
are 

Capacity c.c. . j 2 

Tolerance + c.c.^ | 
for content or > i O'OOO 
delivery * ; 

NoTE.-~F<>r <‘apaeities not tabulated the toleranct's are those given 
for the next larger fahulated capacity. 

The time of outflow and the <lrainagc tinu* (Lo sees.) must l)e marked 
on all pipettes. For examjile, a suitable inscription for a 50 <*.(!. pipette 
would be— 

50 e.e. 

I). 15"C. 

(IW) 15) S(M-s-. 

* 

The actual time of outflow must be within the limits givim above, and 
also must not difler from the time etched on the; pipette by more t.lian 
the amounts tabulated below : — 

( t 


Iflarkcd time of outflow—.secs. . 

;(0 

50 

50 

*12(1 

Maximum difference allowe^l bd.wocii marked and 





actual time of outflow + socs. . . . 


4 


H 


Ordinary pipettes an; clamped vertically for,test, and filled with water 
to a short distance above the mark. Water is run out until the mcniseus 
is on the icitrk and tlie outflow is then stoppi;d. The drop adho*ring to 
the tip is renipved by bringing tlx; surface of some water eonlaiued in a 
beaker into eontack-wdth the tip and then removing it witiiAut jerking 


5 

10 

20 

W 

■W 

- 

100 

150 

’ 

250 

0-01 

O’OIS 

0-()2 

0-025 

0-025 

0-05 

0-()7 

0-03 


r>oo 

(;o-i20 
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TIp! pip(5tto is ilinn allowed to deliver into i^eleaii wei^dicd vessel held 
siifjlitlv iip'iinod so that the tip of the pipette is in contaid^viiith the side 
i>i the vessel. The pi]^e,tte is alloJaH] to drain for a <|uarter of a minute 
.itti'f outllovv has^-ease(J, tln^ tip :*ill being in eontaet with the si^ of 
ili(* vess(5l. At the <‘nd of the draining^tinie the receiving vessel is ns 
nioved from eontaet vvitii tiA* tip of the pipotK*, thus removing any drop 
ailliering lo the outside of the pipetje. To determine the instant at 
uhieh the onttlow «'(‘;i,s(‘s, the motion of the water jiirfael^ down the 
.loliviuy tube of tin* pipetl# is ohscu’viid, ;ind lhe<lelivery Time is consi¬ 
dered to he eomphde wIkui the meni.seiis comes to rest slightly above the 
vipPof ili(‘ d(divery tnhe. The quarter of a minute dr;^(niflg time*is 
counted from*lhis itionient. , 

Burettes and (iraduated Pipettes.--(1)* l]nain(d-l>ack burettes are 
not ndniilb^l to Class A Bui^dteP without taps are also oxeluded. 

poll), liowev<‘r, <i.re admitted to Class B ti'sts. 'JiTu^graduated portion of 
graduated pipettes must not excec^l do cm. iti length.^ * 

(‘J) The jets iniist lx- madi* with a gradual ftiji^r. A sudden con¬ 
st petion at the oi'itirc is not a!low<*d. Tln^ end of tiie jet must bp ground 
<ill true, and tlu'ground surfare must b(‘ siuootli. 

i'.>} Tlie <lia,me,t<‘r of tlie outlet must I»e of such a siz(‘ tliaUthe time 
on iqned by the outflow of water from tlic >'(>ro mark to tlie lowest 
gr.'dualion mark, IIm* slop-cock Iwung fully open, conforms witJi the 
liiiiils given below : - 


Tjcngtli grailiiatcd cm.|15 

2U 

i 1 

05 :{0 j 85 

1 i ! 

40|45j 50 j 55 

60 

65 

70 

75 

1 

to 

W 1 00 1 70 

Ho|'jo! 100 Aio 

120 

180 

MO 

150 

Time ol <'iiIflovv --secs. ; to 

til 

to 1 to 1 to 

to 1 to ; to to 

to 

to 

to 

to 

1 (.0 

HO 

lOO'U'o'llO 

i 1 

100 IHO: 200’2110 

i '♦ 

240 

2li0 

280 

800 


No'IK. -For lengths not tatailabsl the times allowed are those cor- 
iv-|ioiidmg to the next larger tabulated kuigib. 

The tolerances allowed on bnndti's and graduated pipettes are as 
lollovvs •— 


• 

Total capacity c.c. . . . ' 2 

1 

10 

1 

80 j 50 

75 

100 ; ^00 

1 

'\hixniiiim error allowed at any ' 


' 


i 

and also inaxiinuin diflor- i 
cnee allowed between thcerrors* 1 

i 

1 


1 

1 

#1- any two points for content 1 J 

• 

1 



or delivery + c.c. . . . j 0-01 | 

>0-02 

0-08 ' 0'04 1 

1 1 

0-06 

0-08 1 CL15 


• » 

XoTi-:.—(a) For <‘apacitief#uot tabulated, the toleranees are the same 
as tlioso^given for the iie.xt larger tabulated capacity, (b) The toleranciss 
apply to th(‘ whole of the graduated portion and to any fraction of it. 
lluis, for exaiujde, ahOc.c. burette may ho in errtM' by + 0'04 c.e. at 
any jlltiij^ provided that tlie difference between tin; errors^at any two 
points tested tfoos not exceed 0'04 (;.c. 

Buretiesand graduated pipettes are clamped vertically for test, and 
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filled willi water to a jliort^distani^e above the zero maVk. Water is then 
slowly run o^it until the meniscus is exactly on the zenfmarj^. 

The drop aflherlng to the tip is theif removed bv bringiii" tlie tip into 
contfct with the inside of a glass^beafcr. The^nstrnnierit is then al¬ 
lowed to deliver freely, i.e., in yie case of burettes, with the stop-coek 
fully open, into a clean weighed vessel. I* is necessary, liov.ever, to 
arrest the full flow of liquid in time to obtain control over the final 
movement (ft'the ^water surface and to In’ingthe meniscus to re^t a(;- 
curately on tlfe line to bo tested. The instrimient is, therefore, allowed 
to deli\er freel/ until tlie water surface is approximately 1 em. from the 
iin#j to be fbstid. The rate of outflow is tlieii nuluceit and the motkin 
of the water surface brought under,control so that an accurate setting 
can be made on the lin<‘ in rjrtcstion. No period of waiting for drainage 
is allowed. The drop adhering'to the tip ji/ter the s<*tting has been 
made is removed by ^(ringing the sid(‘ of the [■ec(‘iving vesad into con¬ 
tact (with the tip. ^ 

(jraduated Cylinderti.—(1) Graduated cylind('rs calibrated for “de¬ 
livery ” a^e not admitted to Glass A to'^ts. 

(2) Tolerances. * 


Total capacity c.c. . 

5 

10 

'20 

50 

100 201) 

500 

1000 

L>ax) 

Maximum error allowed 









at any point, and also 
maximum difference al- 









lowed between the errors 
at any two points for 
contept + c.c. 

• 

0-04 

O-OO 

OTO 

0-15 

0 

0 

1-0 

1*5 



The notes (a) and {h) relating to tolerances on burettes a])ply also to 
graduated cylinders. 

An interesting Report on the Stnndardization of bal)oratory Gla.ss- 
ware is given in the J.-S'.G 1911), 38, 280 R. Special attention is drawn 

to the errors that may arise through the use of <piick delivery burettes. 

Cylinders. —TIk^ only nietliod of calibrating tlnfse vi'ssels is to 
moa^ire into them repeatedly vjirions volumes of wabw from delfvm-y 
pipettes of proved accuiracy, taking jjroeautions as to level, menis(;us, and 
the proper drainage of the pipett(5 after each delivery.^ 

Preservation of Solutions.—TI kuo aif test solutions whicdi, in ton- 
sequence of their proiieness to ilecomposition, cannot be k(‘pt at any qar- 
tieuyir strength for a Icaigth of time#; consequently tiu'y must be titrated 
on every occasion before biMiig used. Stannous chloride and sulphurous 
acid are examples of such s(rtutfons. Special vessels have been devised 
for keeping solutions liable to alter in stren^h by access of air, as showm 
in figg. 22 and 23. ^ 

Fig. 22 is especially applicable to caustic alkali solutions, the tube 

' An exc(;lle«l»metluxl of calibration for voluinetric in.'>trunieiits is given Morse 
and Blalock (Aweg. Cheifi. ./mini. 16 , 475)). 
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passing through tho rubber stopper being fllod.witli <iry soda-liuie, 
resting on (^tlon*wool. ^, 

Fig. 23, (lesigne<l by M o h r, is I <;onsidcrable impi’oveinent u})on this, 
since it allows of the bui’ette beinjtiile;l with tlie solution from thojitorc 
bottle quietly, aiuf without any access of air whatever. The vessel can 
be used for caustic, alkalisf baryta, stannous chloride, )>ernmnganate, 
and sulphurous a(ml, or any other liquid liable to undergo change by }^- 
sorbin^' oxyg(‘n. ftiii>bor stoppers should b(* ns(‘d for tj^e^.<‘ l^^ttles; and 

a thin layer of white mineral oil is poured on the top of'thc solution, 

(> 



\vh$ro, owing to its low density, it al^ay# lloats, [liacing an imiKirnicable 
division betwi'cn tlu! air and the solution ; and as this oil is not affefited 
by tliese solutions in their diluted state, rtiis,form is of great advantage. 
Fig. 23 can he improved by leaving a two-liolod ruliber stopper one hole 
is used for a tapped funnel,- through whieh the bottle is filled, the other 
hole contains a small tapped tube, which is opened when drawing the 
solution out or when fifling tlic bottle. For a still better arrangement 
see fi^, Solutions not affected chemically by contact wjfji air should 
be kept in botftles, the corks or stoppers of whicli^keep them perfectly 
closed, and tied ovor with india-rubber or bladder to present evaporation, 
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and should further Ixf ahvar/s shaken bcdore use, W’lien t^'ey arc not quite 
full. The irJucn^e of hrijjht light iLuon some solutions is^’very detri¬ 
mental to their (•henii<?al stability; ij’enee it is advisable to preserve 
soni^solutions not in i’limediate ase in the dark; and ct a teini)erature 
not exceeiling 15® or tG® 0. 

Tlie apfiaratus devised by J. (I 0 li o r 1 <; y/an<l shown in fig. 24, will be 
foynd us(;fu] for preserving and delivering known volumes of sueh,solu¬ 
tions as ak-oholic potash, which are liable to 
alteration by exposuif to air. The wash bottle 
ins(‘rted in the cork of thC large* store l>ottle con¬ 
tains a solution of caustic soda, and serves to 
wash^all aircMitering the large hotlfe. By means 
of the three-way stoj)-eock at tin* l)ottom of the 
.apparatus the solution is allowed >.o fill tin* 
jiipette and oversow into its upjx'r chauiher, the 
e\'c«'ss being cuught in the >niall side bulb and 
reservoir; this solution serves to wash all air 
ejitering the |)ipett<‘ when tin* stop-eoek is turned 
to deliver the solution, which is run off to a mark 
just above the tap. When full, tin* side reser¬ 
voir may be 4mi|ttied by withdrawing the small 
ground stopper. 

J. n. Cost e' has iioinb'd out that a layer of 
oil is useless for prevf'ntiiig tlie transmission of 
tlie gases of the air. lie found that tin? absorp¬ 
tion of oxygen from air by water under relatively 
thick layers of various oils was eonsiderable. 
G n i c wosz and W a 1 fi sez found that “the co¬ 
efficient for the al)S()r[)lion of oxygon and many 
other gases by petroleum is mueh higher than 
that for water. 'L'he anthorsconsider it illusory, 
therefore, to try to protect liipiids from oxida¬ 
tion by covering them with a layer of petroleum.’’ 



ON THE SYSTEM OF WEIGHTS AND MEASURES TO BE 
ADOPTED IN VOLUMETRIC ANALYSIS, 

% 

It is miu'h to be n*gre(le<l that the nietrie svstem of weights and 
measures used on llie (kuitinent is not universally adopted, for both 
scientific and general piirpo.-es, througlH(.it the civilized world. The 
two great advantages of the metric system are that it ii-, first, a decimal 
sy.stqjn and, secondly, a sinipiy-relatcd system. A short ileseription of 
the origin and devoiopuK'nt of t^ds syst<*m may not here be out of place. 

The Metric Syst<*m is founded on the which was originally in¬ 
tended to he one ten-millionth part of a quadrant of the meridian 
through Paris, in other worxN, one forty-millionth part of the circumfer¬ 
ence of the earth. ^Snhsequent nieasureniont>, •however, have shown 
that the metre does not exactly rejirescnt this; hence the unit becomes 
an arbitrary Tiftasurc after all. 

K/.KC./., 1917, M. 9.54. 
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All tlu‘ mul4l>I<^‘s units in tho Metric^ SysWiiii hit in<ii<:at»Ml hy 
Greek prefi^^os, all fractions or subnuiltiples by Latin prefix^'s, thus :— 
kilo a thousand titnes I milli a thousandth part, or -OOl 

hecto - a hundrL^l tinu's ccn#i a hundrcdtli part, or -Qi 

deca -- ton tinuis ^ deci*- a Luith part or d 

the unit to wliicli of the unit to which it is pre- 

• it is prefixed. fixed. ^ ^ 

For (‘.\am|)l(;, a liecfo^u’ani lon j^ranis * i 

a inilliniotn* one-thous;ui<llh part of a ,^ietre, or *001 
t inefix'. 

The deeirnai:*of a metre an' iiLbresiated tliiis ; 

• 

Millimetre,!^ - nim. 

• WentiiiK'l re.s * cm. ^ 

|)(‘cimet re s - dm. » | 

Tlio unit of surfac(‘ is the ur^, whieli is a s^|uak’e whose side Is 10 
metres. (’oiise(iu(“nlly if e<(u:ils llM) s(juare iin’t'i's and is imlicaled 
thus: 1 are - IIKl m-. • 

V<'ss(*,ls used in volume] rie analysis are j^eiKually erailualed in ('ul)ic 
centiimdres, the laihie <-entimetre hein^^ tlie volume oceupi(‘d*hy a cube, 
<‘ach of whose sides is luie ceiilimeire in hmutli. 

Volunu's are also measured in terms of tlie litre, wliieh is defined as 
th('volume occupied by one kiht^r.im of |)ure water at its maximum 
density (about -4' <l.) ami under standard pre^snie (700 niin.y The 
weijjhiiifj: is eorix'eted for (In' hiiovanev ol the air. The siihdivisions of 
the litre a.i’e the decilitre, cent jlitre, an<l millilitre. 

Orij^dnally it was jiilended liiat a kilo;.;rani should lie the mass of 
1000 e.c. ofwatm-at the li‘ni[M‘ralnre of its maximum <ieiisity, and ac¬ 
cordingly th(! litre would have hecn tODOc.c. iii vfthime. 

'I’he most na-eiit determiual ions have shown that Ihis is not the ease 
and that 

I litre 1000*027 cubic centimetres (c.c., c.cm., or cm.^) 

There is, therelore, a very sliji^lit <{itlerenee between the culuc centimetre 
and tbe millilitrB, or llioiisandlh part of a. litre, a dillmauice so slight 
that for iH'arly all jmrposcs it is negligible. 

F. Mo b r introiliiced in IHoo a system of graduation tiu' unit olAvhieh 
is the volunu' oc'eiipn^d liy a (piantily of juire waliu- wbieli, when 
w^ghed in air against braids ^viuglits, at a. sta.ted sta,nd,ird temperature 
(i^sually 15’ (f.y has an apparent \\<‘ight of one gram. Vessels graduated 
on this systiuu should hear the wo^<l *'<Jiamnu' ” or tin* li'tters “Grin.” 
For a standani b’lupiu’ature (d 1.’)° C., the volume, eorrespoudinj* with 
KKK) “ (inn.” 1001-l^HU e.c. • . 

Obviously, I him, volumitrie apparatus gradiiat<*d in eiibic I'entinHdTCS 
oaimq^ bo iiscal interchangeably with that graduateil on M o li r’s system. 
Kither one sy.stein or^Jie other must be rigidly adhered to. 

^riio National Physical Laboratory strongly reromnuMuls that cubic 
centimetres shouhl be n.«e<l to th<^ exclusion of both Mohr’s grammes 
and grains. * ^ 

Tluf usual standard temperaiure for voluinetrie* vessels is 15" C., 
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which moans that a vyssol contains its nominal content of water when 
the vessel is at 15'’ C. Tiiis'^is usually iiidgod by the water bang steady 
at 15’’ C., ancf fhr exactness the surroun.lin" air should he at 15° C. also. 
Whe^the vess«d is at a different ^temperature, i^s vohjme alters in ac¬ 
cordance with the eoenieient of ei’bical <*x|iansion of the glass. Various 
other temperatures in addition to the stand?.rd 15° C. are, however, in 
common use, as for instance, 20'’ C. for vessels employed in eonne(;tion 
witfi polarimtters or viH(*osiinet(‘rs, H()° or 82' F. for vessels intended for 
tropical cliiiiates a'nd so on. « 

The British c^piivalents of the principal metrleiinits are as follows 

. ^ 1 metre - ;U)-370n2 inches. 

1 are =- lllWGO square yards. 

1 litre -= 1 •75!W(> pints. 

„ . ' 0-22m galMn. *' 

1 k’logram -- 2 204r>22:i Ih. 

1 gram ^ 15grains. 

Variations of Temperature. —inthe preparation of slandard solutions 
one thing must esjiecially be borne in mind, namely, that saline sub-’ 
stances on being dissolved in water hav(‘ a eonsiderahle effect upon the 
volume of Inc resulting !ir|nid. The same is also the ease in mixing 
solutions of various salts or acids with each other.’ 

In the preparation of strong solutions the contraction in volume is ' 
as a rule eonsiderahle. Hence, in preparing such solutions for volumetric 
analysis, or in diluting such solutions to a given volume for the [lurpose 
of removing aliquot portions suhsequimtly for exammntion, sulTieient 
time must be given for liquids to aiMpiire their constant volume at the 
standard temperature?. If the strength of a standar<^ solution is known 
for one temperature, the strength corresponding to another t(‘in|>craturc 
can only be calculated*if the rate of expansion hy heal of the liquid is 
known. The variation cannot be (‘'Climated by the known rule of ex¬ 
pansion of distilled water; ford e r 1 ac h has shown that even weak solu¬ 
tions of acids and salts cx[)an(i far more than water for I’ortain incre¬ 
ments of temp(*iature. Tln‘ rate of expansion for jaire water is known, 
and may he used for the purposi? of verifying the graduation of instru¬ 
ments where extreme accuracy is required. The following table 
furnisl^cs the data for correction. 

The table on op])ositc page was given in the. Koport of the Interna¬ 
tional Conf(?rene(? on the Unilieation of Methods of Analysis of Ali¬ 
mentary Snl>stan<-es; Paris, IhlD. I * 

G is the quantity to be subtracted from l(HH) to obtain the weight erf 
1000 c.c. of water at the temperaPuix* given. Thus at 2<P and 7<)0 mm. 
2'82 mtist be deducted from lOOU 007d8. 

Bearing the foregoing r(?mii*rks^n mind, therefore, the. safest plan in 
the operations of volumetric analysis, so far as iflcasurcment is concerned, 
is to use solutions as dilute as [lossihhx Absolute ar.-iiracy in deter¬ 
mining the strength of standard solutions can hiisecurcd only hy the 
process of weighing, tl'e ratio of the weight of th(‘ solution to the wei^it 
of active subatgig-e in it being independent of temperature. , * 

^See Gerlach, “^Jpt'citiHclie G«wicht« der Salzlosungeti”; also GerlacS^ “Sp. 
Gewidhte von wajj^Tigeii Ixwuffgeii,” %. <r. C., 8, 245. 
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• • I 

• ' > 

TABLE.--SnowiNfi tke NuMnfcu of Grams (G) that must be Sub- 
TUAOTK^) FK'?>M I KiLOflIUM TO ORTATK VHE VeIGHT OF 1 LiTRE 
OF OisTiM-Fi) Water at Various Thmpkkatukks Ai«jf Tke-ssurks, 


WHEN WeICHKI) AlR WIT? WkIGHT.S OF A DENSITY OF 8-5. 


TemiMTatiire. 

70 

nil. 

71 

na. 

72 

rm. 

73 

I'm. 

74 • 75 

nil. cm. 

76 

cm. 

77 

cm, 

78 

cm. 

... 

79 ; 80 
cm cm. 

!o. 


G. 

G. 

G. 

1-31 

G. 

G. G. 

G. 

G* 

) 

G-* 

0 . 'i: 

i 10'’ 


1-29 

1-30 

1 -33 

1-34 : 1-30 

1-37 

1-.18 

rtl'40 

1-41 ' 1-42 

i V" 


1 •:{8 

i-:?0 

1-41 

1-42 

1-43 ! 1-45 

1-10 

1-47 

J-49 

1-50 : 1-52 

12 ° 


1-18 

1-50 

1-.51 

1-52 

1-.54 1-55 

1-57 

1-58 

?-5<H 

1 -Gl 1-^2 

1 

<t 

i-i;o 

l-Ol 

1*03 

1-04 

,1-05 1-07 

1-08 

1-70 

1-71 

1-72 1-74 

: 14° 


i-7;i 

1-74 

1-70 

1-77 

1-7H USO 

1 -Hl 

1-82 

1-84 

1-85 J-86 

i 16'^ 


1-87 

1-88 

1-90 

1 -!)I 

l-9;i 1-!M 

1-95 

1-90 

1-98 

1-99 1 2-01 

‘ It;" 


2 02 

2-04 

ti-o.-) 

2-00 

2 07 2-09 

2 310 

2-12 

2-13 

2-14 2-10 

: 17° 


2-19 

2*20 

2-21 

2 -2:1 

2-21 i 2-25 

'J27» 

2-28 

2-29 

2-31 -2-32 

18’^ 


2-:91 

2-:4H 

2-;49 

2-10 

2-42 ' 2-43 

2-44 

2-10 

2-47 

2-48 ,i2-50 

1 19^ 


2-65 

2-60 

2-57 

2-69 

2-GO I 2-01 

2 »)3 

!?-04 

2-06 

2-07 , 2-OR 

1 20'’ 


2-71 

2-70 

2-77 

2-78 

2-80 2-81 

2-82 

’2-84 

2-86 

2-86 1 2-88 



2 -!)r) 

2-97 

2-98 

2-99 

3-00 3-02 

;-!-03 

3-04 

3-00 

8-07 3-08 

1 OO" 


:4-l7 

;5-]8 

:4-20 

:-i-21 

3-22 3 21 

:!-25 

3-20 

3-28 

3 29 : 3-30 

23® 


:T40 

3-1] 

3-13 

3-4-1 

3-46 3-40 

3-48 

3-49 

3-60 

3-52 ; 3-63 

1 24° 


;m;3 

3-()6 

3-0() 

:M17 

3-09 :!-70 

3-71 

3 73 

3'7t 

3-75 3-77 

1 25° 

1 


3-8H 

;t-90 

3-91 

;-{-!)2 

3-94 3-9.5 

3-90 

3-98 

3-99 

TOO ' 4-01 

• 


C as am a j (H' ' has made iisr of tho dal a ^iveii l»y M a 11 li i o ssen in 
his researclies on the ('Xpansam of water, ;tn<l merctiry, to eonstniet 
a table of corri'etioMs to Ix' iisod when nsin^ a.ny weak stainlard solution at 
a ditfereni t<'m|ieratiirc from lliai at whieli it was originally standardized. 

The expansion of water is dilleoMit at dilleront fempm'atnres; the 
i‘Xj)ansiou of glass is known to he eonsiaid for temperaturo.s up to 
lOO'Mk The eorreidion of volume, therefore, in glass burettes must he 
the known (‘xpansion ofeaeh e.e. of water for ewery D C,, less tli(‘ known 
expansion of glas^ fort lie same tenifieratnre. 

r as a m a | o r' s resiitls are sliortly given in tin' following tal)le. 

The normal tiunperatni'e- is I.T’ C. ; and the fignix's given arc the re¬ 
lative eonii'arti(*^is Ixdow, and expansions alxive, iry' {'. in e.e. 


I>c’g. 

7 - • 00 ()() lt ^ 

8 - -oouryjo 

U - -(KfOSSO 
10 - •000102 
11 '000120 
12 - •000:{;H 
l:5 •(KK)23i; 

J4 - -000124 
15 Nonnal 

K ; -}- -000147 • 

17 + - 000:106 

18 + -000178 
1 !) + • 0()(^)62 

20 + -000841 

21 + -001080 
• 22 + •0012411 

23 + ' 0014 G 2 


Deg. 0. 

24 -I -OOIOHO 

25 4- -(Xiinm 

20 -i- -00216!) 

27 + -002406 

28 + •002t;67 

29 + -00291:1 

30 + imm 

31 I mMM 

32 + -0037:19 

33 4- •001035 

34 + -004342 

36 + -OOIOBO 
3i; + -004987 

37 V -005323 

38 + -006607 
89 + -006040 
lO + -606382 


WAX, 38 , ICO. 








COUKKCTION FOR TKMl'EKATUKE. 


By means of numbers it is easy to eaU^ulate the volume of 
lujuifl at 15'^ (*orros})omling to any volume observed at any teiriperature. 
Jf 35 c.e. of solution has bi'cn used at C., the table shows that I e.c. 
of water in ))as>.ing from ir)"" to 27" is ikereased t6i'l'002405 <•.<•. ; there- 
fore, by dividing; 35 o.e. by r0024p5 is obtained the quotient 34'hl5 e.e., 
which reprcM'iits the volume at l;V correspoa^ling to 35 c.(t. at 27"'. The 
operation can be simplified by olitaining the factor, thus 


1 

1 -002405 


l)-‘)075S(; 


and 35 x 0-0070tU Olft. 

^ table <un thus ]»e, easily constriicti'.d which would show the fa-cthr 
for each i.lej^ree of t<‘mpcrature. ,, ' 

These eorre<-tions are uschess for comteutrated solutions, such as 
normal alkalis or acids ; with ^veat variations of temperature these 
solutions should be us<pj‘uy wju^ht. 

Fo^- the commoner norma! solntioijs, however, Schlosser’ has 
worked out tlie following talde: - 

TABbK FOli THE (lonitErTlON' OK TtIK VOLI 'IK OF WVTKli, XoUMVL,' 
AND l)K(T-NOKM\1, SOLUTIONS TO TIIK TeMI'KK\TUKH Oi- 15’ (’, 


In c.c. i’i;r 1 IjItiu: of 


: 

^ W'.atirr 


N 1 

N/1 

NM 

N.'I 

N/l j 

1 leiiijH'r.itnn-. ,iiii<lN;n) 

IH'! 


11.,804 

HNOj 

Na,.<’() . 

N.iOll. i 

! 

Ndllltloiis 




! c. 

. + 0-60 

H 1-26 

i 1-33 

-r 1-94 

H- 2-00 

1- 8-0.1 

+ a-18 1 

1 0" 

0-60 

M8 

1-25 

1-79 

1-84 

1-K7 

l-‘>9 i 

1 rjo 

0-59 

1-10 

1-16 

l-«8 

1-68 

J '(lo 

1-80 ! 

\ 8° 

0-50 

‘ 1-00 

1-05 

1-46 

1-50 

l-c50 

MiO 

1 0" 

0 .52 

O-HS 

0-94 

1-28 

1-31 

1-31 

1-39 1 

JO" 

0-46 

0-76 

0-81 

1-09 

Ml 

1-11 

, 

1-18 i 

11" 

. ! 0-40 

0-63 

0-67 

0-89 

0-9J 

0 90 

0-96 1 

; 12" 

. ■ 0-33 

0-4S 

0-52 

0 68 

n-6!l 

0-69 

0-73 ; 

; 

0-22 

0-33 

0-35 

0-46 

0-!6 

. 0-47 

0-50 [ 

i 14° 

. 4 0-12 

i 0-17 

+ 0-18 

1- 0-23 

f 0-23 

+ 0-84 

+ 0-25 

1 15° 

0-00 

0-00 

0-00 

0-00 

0-00 

0-00 

o-rib i 

1 16° 

. - 0-13 

- 0-iH 

- 0-20 

■ 0-24 

- 0-25 

- 0-24 

- 0-25 I 

i 17° 

0-27 

0-.36 

(HO 

0-49 

0-50 

0-49 

0-51 I 

■ 18° 

. ' 0 42 

0-.56 

0-61 

0-75 

o-7(; 

0-75 

0-78 ! 

i 19° 

0-.59 

0-76 

0-82 

li)2 

J-03 

1-02 

l-OS* 

i 20° 

. ' -- 0-76 

- 0-97 

- N-0.54 

- 1-.30 

1-30 

- 1-29 

- 1-.3.3 ' 

1 21- 

, . . 0-95 

J-19 

1-29 

1-58 

1-58 

1*57 

1-62 

1 22° 

1-14 

J-41 


J-H6 

1-87 

1-85 

1-92 

j 23° 

1-35 

1-64 

]-80 

2-15, 

2-17 

2-14 

2-23 

] 24° 

. 1 ]-56 

1-88 

2-07 

2-45 

2-47 

2-44 

2-54 1 

26° 

. ■ 1-79 

2-U 

2'.34 

2-76 

2-78 

2-75 

iC85 1 

' 26° 

2-02 

2-40 

2-62 

3-08 

MO 

3-06 

3-17 1 

27° 

. 2-27 

2-G7 

2-90 

3-41 

:?43 

3-.3H 

3-50 1 


, . 1 2-52 

2-95 

3-19 

3-75 

3-76 

3-70 


29° 

. ; ^ 42-75 

3-23 

3-49 

1-09 

4-10 

4-04 

Vl7 


. . i - 3-t)6 

:3-52 

» 3-82 

- 4-43 

- 4-44 

- 4-38 

-‘4-52 

t, 


iC'A. Z,1904, 4; 1905, 510. 
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* 

VOLUMETRIC ANALYSIS BASED ON THE SYSTEM OF CHEMI 
CAL fEQUIVALENCE AND THE PREPARATION QF NORMAL 
SOLUTIONS. , ^ 

Whkn ajin,l\^sis 1)}' measure first* 4 ‘ame into use, the test scrtutioiis 
were ^(‘iierally |)n'i>ared s'^ that eaeli sul)stanc(‘ to he tested had its own 
speeial rea^-ent; and tlie streiigtli of tlii^ standard solution was so ealeu- 
late(1 asto^dvethe result in pereeiitaf'es. Oonseijuently, imilkalimei^y, a 
distinet stan<lar<l acid Wj^is used for soda, anothm’ fo?’ pota^^h, a tliird for 
ammonia, aiul so oii,»iieeessitatin^^ a j^roat variety of st;>in<Iard solutions. 
• Griffin and U re appear to have been the first to si^tgyst the use of 
standard t^st solutions hiised on the atomic system ; and followinj? 
in their ste{>s M o h r has worked out and verified many methods of an¬ 
alysis wl^ich ar(‘ of j^nnit,value to all ,vho concern themselves with scien¬ 
tific,’ami especially with technical chemistry. il^ot only has M oh r ilonc 
this, hut lie has enriched his pyo<'esM“S with so many ori'rinal iiu^estij:a- 
tions, and improved the necessary apjiaratns sneh an extent, that he 
,may with pistice he called tlui fatlua- of tin* volurtietric system. 

Normal Solutions.— It is of great imporlance that no mis(-onception 
should <“xist :is fo yvhat is iinxant by a normal solution ; hiij, it <loes un¬ 
fortunately oeciir.^ 

Normal solutions may he ilefined as folloyvs — 

A normal solution of a reagent i> one tliat contains in a litre tliat 
proportion of its moliM/ular yveiglit in grams yvhieli <-orresj)onds to l-()08 
gram of available hydrogen or its eipiivalent. 

As in every ease yvhere a normal solution is used, al leiitioii is directed 
to a particular reaction and the part playtMl tlierein by the particular 
elements or ions involved, the definition may h<^ expros>e<l thus:— 

A normal solution of a reagimt is one that^contains in a litre “a 
yvinght of the reagent <'nual to tli<^ (juotuMit obtained by divi<ling tln^ gram 
e<|uivalent by tlu' sum of the utilized valem-ies of tin' specially ('onsidered 
element (c ion in Ihe s^x'cified reaction ” (F. A. Gooch). 

SeminormnI, jieniinormal, (h*cinonual ;i.nd ccntinormal solutions jtie 
.also required and are shortly designateil as "/2 **/6 ”/io imd ”/ioo sniutions. 

Thus, a noi’nial solution of liydroelilorie acid contains 30'4(18 gm. 
in a litre, because tiiis weight of tiie acid contains I -OOngm. ot hydrogen ; 
similarly normal sodium liydroxide eontaiiis 40'fM)8 gm. [*;’r litre. 
Oxalic acid contains in the molecule tyvo atoms of hydrogen, botli 
^vailalihi, and consequently normal oxalic acid contains ‘- :r^ 

fi:t-024 gm. of tile crystallized acid in the litre. Simi¬ 

larly, a normal solution of soilium phosphate yvoiild he maile by 
dissolving one-third of the molecular wisight of thi! crystallized*salt, in 
grams, in water and diluting the so!«ti(jn to 1 litre, lu'canse ortlioplios- 
phoric acid contains 3 aikuiis of available hydrogen in ils molecule. 

In preparing a normal solution of potassium pm’inauganatc lor 
use as an oxidizitij' agent we know that K._jMn.A)a gives up o atoms 
of available oxygon, eipiivalent to 10 atoms .of available liydrogeii. 
fteifce, a iionnal solution of iiotassiuin porniaiig.anate^contains 'j*-® = 
Sl’OOC gm'. of the crystallized salt per litre. ^ 

iScd Allen. I'.iV., 40, 239, nl.w Aiu-Ji/d. 13, Wl. 
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Normal alkali soUitions^iroalway!^ suei* tliat afjivcn,volume rcqiiiroi: 
for nontralization an equal volume of a normal aeid solution.’^ 

Other inj^taneos will be ^uvon laUf on and explained in detail in 
their proper place. ’ 

A further illustration may W. given in order to show the method 
of calculating the results of this kind of anafysis. 

Each c.c.of "/lo silv(M- nitrate solution will contain mioiv 
atomic weiglit of silver = 0-010788 gju., and will oxaetlj' iireeipitaie 
laodfl arojuicweigid of eliloriiic (K003.)40gm. froTu any solution 

of a chloride. 

In the case of normal oxalh* acid each c.c. will contain of the 
molecular weight of the crystallized aci<l - ()-008024 gm.", atid will 
neutralize .^ 7 )V»o molecular weight <if sodium carbonate =- 0-053 'mi,^ 
or will combine with of the atomic weight of a dyad metal such as 
lead - 0-10356 gm., oi wifi exactly saturate of the molecular weight 
of sodium hydrate - 0-0,t() grn., and so on. 

The great convenn nec of this (‘qnivalent system is that the numbers 
used as coeffieiimts for calculation in any analysis an* familiar and the 
solutions agree with each otlier, volume for volume. We have, liithertu, 
however, looked only at one side of its advantagiN. I’ot- t<‘chni»:a! pur¬ 
poses the plan allows the use of all solutions of sysbmiath- strength, and 
simply varies the amount of salistanee ti'sted according to its equivalent 
weight. 

Thus, the normal solutions are- 


Crystaliized oxahe acid 
Sulphuric acid 
Hydrocldorie acid 
Nitric a<’id 

Anhydrous sodium carbonate 
Sodium bydroxule 
Ammonia 


- 4y-038 gm. 

- 36-46S gin. 

- (lii'OiKgm. 
53 gm. 
40-008 gm. 

~ 17-034 gm. 


lOOc.e. ofany tine of these normal acids slioiib! (‘x«f!t,ly neutralize 
100 C.C. of any of the normal alkalis, or the corresponding- amount 
of pure substance wliich the 100 e.e. contain. In commereti wtj con¬ 
tinually meet witli substances used m inanufactiires which are not 
pure, and it is muressary to know liow mai;h pure siihslanee tht^y 
contain. ♦ ^ 

Take, for instance, relined sotia ash (sodium carbonate). If it 
were'Absolutely pure, 5-3 gm. of it Should retpiire exactly 100 c.e. of 
any normal acid to .saturate it. Jf we therefore weigh that quantity, 
dissolve it in water, and dellvi'r Into the solutv>n tlio norma! acid from 
a burette, the number of c.e. required to saturate it will show the ihm-- 
centage of pure sodium carbonate in thi; sami)le. Suppose 00 e.e. are 
required = 90 per cent. * 

Again—a manufactun^r buys common oil of vitriol, and rer^jiifes 
to know the emirt percentage of pur(> monohydrated acid in tt; 4-9 gm. 
are weighed, diluted with water, and normal alkali delivered in irom a 
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burette till satumted ; the number of c.c. used wiy be the percentage of 
r(‘al acid. jiSu|)f)ose 58*5 c.c. are re(|«ir(‘d - r)<^-5 p(M‘ cent. 

Or, RupjK)se tln^ analysl, (hisirjs to know the eqiiivaleni’ pereenUgo 
of sodium oxide, free and eom*ined, contained in the above sample 
of soda ash, without (calculating itl^from the carbonate found as 
above, 8*1 gm. are ti'cated as before, and the number of c.c. re(^uirod 
is the poncentage of sodium oxide. In tli(‘ same sample o2'() c.e. 
wouhf be riC(jnir(‘(l 52-1) per cent, of sodium oxide, or ‘>0 per ce'it. 
of sodium carl»onat(‘. ' 

Method for Percentage of Purity in Commercial* Substances.— 
Tift nil<‘s, therefon*, fur obtaining the [lerceiitage of j)nre'.suhstanc(!8 
in any conurjcrcial article, such as alkalis, acids, and various salts, by 
means of systematic normal solutions sucl. as havi* b(‘en d(!scri)>ed are 
these- j , 

1. With normal solutions or (accorijii^^ to its atomicity) of 
the muhjcniar Avoiglit in grams tlu^ snbsLanec to be analysed is^^o be 
weigluid for titration, and the number (*f c.c. .'equired lo produce the 
desired reaction is tlie percentage of tin? snl)st,anec whose atomic wedght 
has heen used. 

With dcciiiormal solutions or of the moleculai; weight in 
grams IS lakcM, and the number of c.c. re(|Lure<l will, in like manner, 
give tin! percentage. 

Factors, or Coefficients, for the Calculation of Analyses. —It 

fre<iueutly occurs that Irom the nature of the substani'e, or from its 
being in solution, this j)erc(‘nlag(‘ m(!tho(l cannot be conveniently 
follow(‘d. For instanc(i, su[)pose the ojieratoi’ has a solution eontaiiiiug 
an unknown ijuaiUity of eanstie potash, the strength of which he desires 
to know; a W(!ighed Or lueasuivd (|uantity of it is brought under the 
normal aiud burette and (!xactly saturated, 22 c.e. J)cing rft(]iiir(Hl. The 
calculation is as follows: - 

The moh'onlar weight ol potassium hydroxide bt'ing ofiTl: 100 c.c. 
of normal acid will saturate .5'(U1 gm. ; tlien!fore, as lOb c.c. are to 

o-61lgni., so ar(‘H2 c.c. ^ ^ l'79bgm. IvTIO. 

KHI 

The simplest Vay, tlniiefore, to ]>ro(H!cd, is to multiidy the numb(5r 
of c.c. of test solution recpiiual in any analysis by the ,„V)o 0^ icTffo 
if bivalent) of the molecular weight of tiie snbstanoe sought, wliiell gives 
at once tlu! amount of snhstanci! present. 

*An cxanipN' may be giv<!ii—1 gm. of marble or limestone is taken 
for the determination of pure ealeium carlionato, and exactly saturated 
with normal nitric or liydrochlorin aefd (sulpliiiric or oxalic acid is, of 
course, not admissible). IT’o c.e. are required ; therefore 17T) x 0*050 (the 
2^00 of the molecular weight of CaOO^ giv(!s 0-875 gm. and as 1 gm. 
of substance only was tak(*li - 87*5 per cent, of ealeinm carbonate. 



1>A1{T II. 

ALKALIMETRY AND ACIDIa(eTRY. 

Both and .•n•id^ iit pun' aHunoiis siiliitimi can ho detor- 

niinod with oonsidoralile acciinicv by takin<; the sjMvilk* of tlie 

Ikinid at a dolinih' ti'Nipcratiin* and lororrifij; to laiili's that have hoen 
oarcfullv uork(‘d oif. for tlio pur[)oso, o.-;., tlio<cDivon on p. 52 of tliis 
book. In order In di».|,inj,nu^li Ivotwoihi five ainl oomlmied acid or alkali 
voluiio'tric* nn‘tlio(k» only arc available, the proci-ss bcinj; conducted by 
riHining‘into an acid or alkaline bolntion a standard solution of alkali 
or acid until it lieconios exactly neutral. This is ^liown by means of an 
indicator,* tliat is, a substance wliich, by its siniden eh<an;'<! of colour, 
renders evident tin* transition from acidity to alkalinity, or vice versa. 
Most usually tlie indicator is added to llie li(|nid to Ix' titrated, and in 
this case it is called an internal indicator. In the east' of tlark-eolouri?d 
liquids, however, this woiihi (dearlv be inadmissible and an external 
indicator is used. Tliis is spotted on a whiti' porcelain plate and drops 
of the liipiid that is bein^^ titrated are trom time to time removed by <a 
stirrer and broii^dit into eoniael with the tirops of indicator until the 
eolour-ehanj^o takes place that shows tiie n'action to liave l>een eom- 
plete<l. In some eavs specijil tt'st-jtapt'is, e.^^, laemoid pajicr, are used 
as an external indicator. Where j»re;it accuracy is desired two experi¬ 
ments shonhl be made. The lirst, an a|)proximate r<'sult, which 
may be very nearly correct, and shows how much of the standard solu¬ 
tion may safely be addial to th<‘ solution liefore a Sinj,de drop of it is 
removed to the plate. Then hy eoiitiiiuin^" the addition cautiously but 
few drops of the liquid need he rmuoved and tiie result obtained may be 
cxtr(^mo]y aceurati*. 

General Remarks on the Sensitiveness of Indicators. ~ Standard 
solutions of less than ^/lo strenf<fh should rarely he used, since but few 
indicators are sensitivi'eimu^di to t'lve aisharp colour change witli*one 
or two drops of the solution, iodo-eosin, in ethereal solution, is suffiei- 
entlv sen.sitive to allow of the us(f of solutions. With and stronger 
solutions the sensitiveness of the three principal indicators is suck 
that a single drop suffices tovflect tln^ change of colour; other indicators 
are mostly less sensitive. Alcohol lessi'ns tl?e sensitiveness of indicators 
and the presence of large amounts of it in soliiticns to be titrated 
should, therefore, he avoided as far as possible, tspi'eially when phenol- 
phthalcin is usiul. ‘'I'Ih; most a< ('urate results are obtained when Nitra¬ 
tions are comlwcted at ordinary temix'ratures. By dilutioij of tlfti liquid* 
the sensitivenesJtof tU* indh'ator is reducetl, Since glass is attacked by 
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;»lkalis, especially on boiling, with the liberation of both silicic acid and 
.•ilkali, porcelain lessols should be used when *Iiqui?lK have to be boiled 
for some time to drive off carbon (yoxide. Vessels made o& i resistance 
<;iass ” are now supplied and consi|(!ral)ly minimize this danger. Glass 
much more n^jUstant towards acids^. For actmrate determinations 
with litmus and with phenol-phthalein ill those cases where it is neces¬ 
sary to boil tlie solution to drive off 00», tlie solution should always be 
boiled fn the presence of a slight excess of acid, then cool^‘d, and t!*^ 
titration com[)lct(*d. When alkaloids in strong alcoiiolic sojution are to 
he titrated, laemoid is tln^ F)est indicator. ^ 

'i’he followingstateuKuit hy K. T. Thomson is worthy^of |iote—“It 
is imjierative iliat, before any indicator is nscal fora special purpose, Hs 
general similarity to anotlier indicatin' sho^ild not he depended upon, 
hut its property in tlui parlieular circumstances sliould be carefully 
t('sted • * • 

I'he Use of a given Standard Solution with t)iKerent Indicators.- 
When various iinlieators are use<l tn the titration,of an acid liquid v?itli 
a given stan<lard alkali, or vic(^ versa, tin; result'* obtained are not 
identical, because more hydrogen or liydroxyl ions may l)e necessary in 
one i;ase than in the other to jn'oiluc*; a ch<ing<* of colour. For example, 
a solution of hy<lro(.'hloric acnl which is of exactly % strength when 
sfcandardizefi against pure sodium hydroxide, using methyl orange as 
indicator, is not ao4-iiratcly to plienoi-piithalcin, even when the 
titration is <‘;u'n(;d out with «‘ontinual boiling to ensure the complete 
removal of C().^ and all necessary [iroirautions hav(‘ been taken to secure 
the most aet;urat(‘ result. Hence, normal solutions should as far as 
possible always lie shuidardizcd with the same indicator as they are 
subsequently to be used with in practice. A normal soda solution 
whi<'h has been made fioin causiic soda not quite free from carbonate 
shoubl 1)0 stnndardi/cd with nictlivl orange* as imheator, then titrated 
with phenul-phthalcin as indicator, and a facinr worked out to convert 
burette readings in c.c. into tlicir true vahu*s in terms of normal 
strength. The factor so obtained should be reconb'd on the stock bottle. 
It should he noted tliat in titrating acid with alkali the [loint e)f neutral¬ 
ization will he* dift^erent from that obscrveMl with the inverse procedure, 
and it is th<;r«;forc always neea'ssary to tiiiish the titration in tlie same 
sense as that in which the stainlard soini ion was itself a<l]uste<l, running 
in an excess and titrating liack, if n<‘cessary. 

1. Litmus. - Litmus is a l)UnMiyestiilTobtainc<l from Roccollatinctoria. 
It in Kiqipliod in small bluish |miI)cs, which contain, in addition to the 
colouring matter, varying amounts of calcium carlxinato, gypsum, etc., 
and sometimes indigo as an adnlteraAt. *Litmus usually contains 4-5 per 
cent, of the actual culonring matter, which is called azolitmin and con¬ 
sists of the blue potassium salt of (red) a?olitini(! acid. 

Sensitive Litmus SolutiSn may tie made tiy extracting the cubes 
with hot distille<l water, added in successive portions, and uniting the 
extracts. The first <‘xtuuet, which contains excess of potassium carbon¬ 
ate, piav be rejected. It is better simply to pour'off the extracts, as 
filtration is a^very tedious process. The combined oxt'jacts are then 
allowed to stand in a covered beaker for twenty-fonr hours and the liquid 
3 • . ‘ 
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oarftfiilly poured off from IIk; ^^cdimen^^ The solution is thon divided 
into two parts and dilute Hydrooliioric or sulpliuric aeiif added cautiously 
to one parti i;vith constant stirring, tr'l it heeonies distinctly red. tt is 
then niixc<l with the other lialf ant a violet,or wine-red solution is 
obtained whicli is sensitive hot!/to acids and alkalis.' Hei n i tze r' re¬ 
commends that the ai|iieaiis extract sliould he boiled for seven or eight 
minutes, and then neutrali/ed with IfOl, so that the wine-red colour 
remains ev'.n on fnrtln'r lioiling. The solutionis then cooled, and an 
eipiai volume of strong alcohol added. 

rreliminaiy liigestion of commercial litmus with alcohol is one of 
the best mediods of purilication. This removes tin* red colouring 
matter, , 

Digest the powdm-cd litr.ais on the water hath with three successive 
portions of 00 per cent, aleoliol (100 in all for JO gm. litmus), de¬ 
canting the alcohol^ after cacdi digestion (of an hour), f^xtract the 
rcsijine with hot waier, and allow to staiul and s)>ttle for a day or tw'o. 
The clear extract at this stag*; is of sufficient purifv and concentration 
(if ntit more Ilian l./f c.e. of wat('r has he*;n ii>e(i to 10 gm. litmus) for 
ordinary purposes. A higlicr <legre»‘ of puritv an<! sensitiv<'ncss, how- 
ever, may he attained hy concentrating the extract, acidifying with 
acidic acid (to tlecompo'-.e pota'-sium carhonate), and evaporating to a 
syrupy eoiiMstcncy. Add a large cxcc-s of ‘»0 pio- <-eitl. alcohol, to pre- 
ci[)itatc the blue eolouriiig matter. Kilter, and dl^solve the residncin 
hot water. 

Free carbonic acid gives witii litmus a. jtale [)ort-w’ino colour, which 
rcinj(>rs indistinct the transition from tin' blue, prodin'cd by alkalis, to 
tlie red, prodnee<l hy acids, or vn-c versA. fleiice tlu^ direct titration of 
alkali carbonates cannot he carried out in the cold, hut the solution 
(in a porcelain dish) must he ki'pt near the boiling-point and boiled for 
a minute or two every lime a |)ort-w'ine colour apjiears afleran addition 
of Hiainlard acid. Wlien tlie lnjiiiil again becomes l)liie on boiling, a 
further amount of acid is added, and the process eontinuod as above 
until the solution remains distinctly and permanently red after boiling. 
Litmus, however, IS much less sensitive in hot than m cold solutions 
(vidr in/m). For this reason the method of lesidiuij titration shoii'd 
bo applieil if accurate results an* ref|uired. This is attained by adding 
an e,i;cebs of standard acid, boiling the solution till all CO, is expelled, 
and, after cooling, titrating l»aek w'ith standard sodium or potassium 
hydroxide (free from carbonate). 

In titrating acids wutli liie aid of litmis it is in all cases advisable to 
continue the aildition of slandjjni alkali until a distinct blue colour is 
proi^ueed and not to stop at a violet coloration, because the transition 
from red to violet is not shar[^ whilst that from violet to bine can be 
determined to a single ilropf ^ 

Use of Litmus.— In addition to the three mineral aeiils, sulphuric, 
iiydrochlorie, and nitric, oxalic acid gives a sharp I'nd reaction fvith lit¬ 
mus. Acetic acid also strikes well, except in^^he presence of much 
sodium acetate. , i, 


.\na/i/sf, 1891, 19, 2.').‘>(abst.r ). 
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Ijfnms sohitio^ spoils when kept in closod^vessils, ovvin*', no doubt, 
fo tlie development of amicrohic- organisnjs. Jt should he kept tn a 
hottl(‘ closed with a loosely fittingijork through which passes a dcliverv 
tube {fig. ;jr>). , f' ’ , 

Litmus paper is made )>y dipping stri^is of oahuidered unsized paper 
III the solution and drying them ; the holution u^ed being rendered blue, 
kmI or ^lulet as r(‘i(uirc<l. 

Theory of the Action of Litmus.— The luidissocialed^moleJules of tl?e 
litmus neids are red, the ior*? blue, and since the acids are wtak, i e only 
'ihghtly dissociated, a inixtnre of tin^ two colours results in a<|ueoiis 
soliAion. On adtiilion of hydrogen ions, thaf is acids, the*lilAius acids 
Itccome pi’actii'Silly nndissoeiated, the,blue anions disappear a,ml the re<l 
colour of the nndissoeiated moIecuhN appears To effect this change 
liowever, a eprtain miniminn concentration 
of hydrogen ions is necessary. Hence, very 
weak acids such as carltonie and hydro- 
sulphuric havi- practically no action ; acetic 
acid, oil lh<‘ other hand, acts (piite dis- 
tim'tly, iinh'ss ils joni/aiion is so rmn-li de¬ 
creased by the addition of sodium ac(‘tat<‘ 
tliat an iii-ufficicnt amount of free hvdrogfui 
inns I'cmains. WIhti ba<es are a.dde<l, salts 
of the litmus aenis are lormiHl wbieli an- 
la.rgelv «lissociat<‘<l, so that the blue colour 
of the ions is pronounced. 

Azolitmin. - 'I'liis a sjH'cially iniic 
htniiis colouring ma.tter, soluble m water. 

It is sca.r<‘<dy more sensitive than good 
litmus solution. The solution is made hv 
tiissolving n-1 gut. in 100 c.c. of distilled 
water. 

2. Methyl Orange' is ;;dimctli\l- 
aininoazobeiizime p-sn I phonic acid, 

or its yellow sodmm salt. 

Solution.— -0-0.5 gin. in 100 c.c. of distilled water. ^ 

This valliable indi<-ator was introduced by i> ii n ge in 18H1. Its great 
\alne lies in its almost com})lete indifferenci' to carbon dio.xide. A 
single droj) of the aiiova* solntipii is usually siiflieiont for 100 i-.e. of a 
<-olourl(‘ss litpiid, hut in all cases no more of the imiitalor should he 
used than is lu'ci'ssary lo iin[)art to*the*solution a slight hut distinc-t 
colour: if too much is added tlie colour change denoting the coinjiletion 
ol the reaction will not be sharp. In fact, for titrating small volumes 
id liquid, say 80-40 c.e., evmf one drop of the ahov(‘ solution gives too 
strong a»colonr, a drop of a solidiun of half the strength lnung quite 
-'Unieient. The indieaUn- is yellow in alkaline solution, red in aeiil 
'Olutiijn. 

^fethjfl orar^o is especially useful for the standardizirig.of any of the 
’ %'Uoiiyms—Poirner’sOrange No. Ill, Jleliaiitliino ami Trogaeolin I), 
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mineral a<'ids hy means of sodium carboniTte in the cold. It acts ad¬ 
mirably witli ammonia and its salts. It must not, howeve,*s be used for 
organic aculs. Hydrosulphuric, bo^’e, arsenious, hy<lrocyanic, oleic, 
stearic, palmitic and carbolic acids,'etc., havonno effect on it. Nitrous 
acid gra<iually decomposes it, bit this acid can he titrate<l with methyl 
orange either by adding a little more of tho indicator just lieforo neutral¬ 
ization, or by adding normal sodium hydroxide in excess and titrating 
residiially Vith normal acid. All titrations with methyl orange''should 
he conducted at ordinary temperatures and. the solution to b<; titrated 
should not bK too dilntt*. Moreove.r, since methyl orange is not very 
sensitive'Us tiiompared with other indicators, standard solutions nn(h*r 
N 5 strength should not he, employed. With ** lo solutions, especially 
when carhonates are hciilg titrated, there is a distinct hrownish 
transition tint hetwoeii the yellow and the pink, and result^ may he iin- 
eertain to the exten* o''t or 2 drops. . 

■'Some 0 [)erators have used methyl,orange in the titration of al.lailoith, 
bill in a series of Very can'l'iil'experiments, carries! out liy b. F. 
Kebler, it was ]ountl in some cases very defective (./.J r.N., Oct., 
1805), l'robai)Iy the most useful indicator for alkaloids is Ihrizilin, or a 
decoction of Brazil-wood ; inapplicahle in the presence of snlj)hnretted 
hydrogen or sulphurou'- acid. Dot t recommemls cochineal for alkaloids 
{h. ./.,101(1, 96,3(18). 

Note.- Altliough no (liilifulty is usually expcnen<-c<l in getting good 
methyl orange, (wery new siipplv purchas«‘d should be carefully tested. 
This is best done, if possible, liy comparing it forsharpnoss of indication, 
under identical tionditions of volume, temperature, etc., witli a solution 
that has ])roved its excellein'C. Methyl orange should dissolve in cold 
water witli no appreciable n'sidiu!. 

Ethyl Orange is similar to methyl orange, but is not (|uitc so stuisi- 
tive. 

3. Methyl Red (//-dimethylaminoazobeiizene-e-carboxylic acid) was 
introiiuced as an indicator in 1008 l>y liujipand boose,* who advo¬ 
cated its use iiecause of its delicacy, and especially its value in the 
titration of ammonia and otiu'r comparatively weak leases, such as 
fjuinine. A0 2 per cent, alcoholic or aqueous sohDion is used. II is 
faintly yellow in alkaline and neutral solutions, violet-rod in aciii solu- 
tiortk. Its beliaviour under various conditions lias been examined by a 
number of observers. K. T. Th om s o n and others find it much superior 
to methyl orange for the titration of ammonia, as for (‘xarnple in the 
K j ol d ah I process. It is more affecteiT hy carlion dioxide than methyi 
orange is, i'Ut if the solution <»f cijrhonato is boiled after eacli addition 
of ftcid an excellent eml-reaetion is olitained. Generally, it may be taken 
to resemble litmus in its imlimtions and, on aei^ount of its more decisive 
change in colour and the small amount indicator required, is to be 
preferred to the latter. It is a particularly useful indh-ator at night, as 
the colour change is then very marked and easily dis<-eniible, ‘ Accord¬ 
ing toKay and N e w 1 an d s,2\vith methyl red as indieatora single drop 
of acid is sufficient todecule the end-point, beh m an n tSs Wol f f ^ 

^Ana/i/st, 1914,38, SlS. V..S'.C'./., 1916, 3S, 445. P>]7, 36, 944. 
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■ state that the ehi^go from re.l t(*yellow is as flmr,, as that from vellow 
to nsl, ami »lutio,.s stan.la.'.lisecl with phenolphthalein gava. the same 
results when mettiyl red was usetlln place of the latter The best re 

bio r-rof Suir*' 

4. Phenolphthalein is a w(!ak ackl, whose salts are red 

Solytion.-d >5 gm. is dissolved'in 50 e.v. alcohol and 50 c.c dls- 
Illed water added with constant stirring. The colonrle,ss solTition so ob¬ 
tained IS usually perfectly tlear, but if not it should be liitbred. 

I'lietiolplithalein glv»B no colour with acid liumd.s, to which it is the 
mo.st sensitive indicator, lint becomes pnrple-rcd with thti btintest ex¬ 
cess of eaiisUc alkali. The transition from red to coloiirles.s, however 

whfch is very dfstiiict even in 
inrmfiil ^ this indicator is not 

I i^!i’ li.vdroxidiK of the alkalis and alkaline eafths 

pheiiolphthalcm IS undoubtedly the best and mdst sensitive indi.-ator 
if these are present alone in .solution and free from carbonate. When’ 
alkali carbonates are present ,and arc tilrated in the cold Ihe rod colour 
remains until the whole of the carbonate has lieen convertud into hi- 
carhorifitc, <* 

Na-CO, I HOI NaCI -r NalK’o, 

[Jut whim by further addilion of acid the bicarbonate is decomposed and 
< (I, set free, the latter destroys the red colour. 

This iiidic.ator is useless for the titration of free ammonia or its 
compouni «, or for the lixed alkalis when salts of ammonia are present • 
evept with alcoholic solutions, in which c.ase caustic soda and pot.ash’ 
displace the amnionia in e.|uivaleiit ,|uaiititie,s at owliiuirv ten,pc,a.ttires 
am the indicator tonus no couipouiid with the aiiiiiionia. Ibilike 
me hyl orange, this indicator is espe.-ially useful in titrating oreanie 
acids--o\alic, acetic, citric, tartaric, etc. 

One great advantage possessed by phenolphtlialein is that i( mav he 
iised in alcohoiic solutions or in luixtiircs of alcohol and elhcin and 
tlierefore, many organic acids insoluble in water may be titrated by its 

he p; 111 addition to this it may hi' used to determine the ..ouibined 

with many organic bases, such as morphine, quinine, hrucine, etc*, the 
base having no effect on Ihe indicator. 

Kei n i t z e r'-- found that pl|molphthalein was three tiiiics more sensi¬ 
tive in a cold than in a hot solution. 

Sodium silicate <■^11101 be titrabtl alfcnewith any degree of accuracy 
wi h phenolphthalein as indicator, the change of colour being graiftial 
not sharply defineil. Hv adding to the Solution sodium chloride, how- 

coiin'vl!' *'■ i''■ H'Ht tins iiiillratei is nipi.lly dr- 

l.v inilsr '‘‘""”’1’''"™'‘“‘t*";'"'' “>■"[• "luch is more rrmlily al.sorl.id l.y al.-ohol than 
this f"'' case with hot .solutions than with rohl; titration of 

mTioah'r • " “ ^ ... " »f tl'C 

■■liintfat, 1,TO4, 19, 
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ev«r, royilUfi ,i)l>tttinc<i in accordance with the e(ination 

Na,Si(), + ii\\Cl 2NaCI + Ft,Si(»., c- 

For the hehnviour of this indicatol with phosphoric aidd, vide under 
“ Phosphoric Aci<i ^ 

Mixture of Phenolphthatein and Methyl Orange.'-Tliis is a neutral¬ 
ity indicator made by dissolvin;f H of tlio first and I gi.i. of the 
lyjtter in a litre oO per emit, alcohol. The neutral point is shown by 
a lemon-yellow,colour. The slij^htest excess of either aci<l or alkali 
shows in tui*n^pink and hrii^ht red. t 

5. Cochineal Solution. -This indicator jioss#<sses the advantajje ovm- 
litmus tKat is not so much moditied in colour by the preseinti of 
carbonic acid and may be used Ity }?as-liffht. It may also be used with 
tin* best ctiect with solutions of the alkaline earths, sueh as lime and 
baryta waier ; the colour with pure alkaUs and earths is especially 
sharp and brilliant, f Tr’ic solution Is made by digesting 1 part of crushed 
co<y/iiucal with lb parts of 25 [icr ccjit. alcohol. Its natural colour is 
yellowi-h-red, which fs turned to \iolct by alkalis; mineral acids rc- 
ston^ tin'original colour. It is not so easily affecte<l bv weak organic 
ieici<is as litmus, and therefore for these aciils tlm latter is preferalile. 
It cannot be used in the preseiu-e of oven traces ot iron or alumina 
compounds oracetatc'., which fact limits its use. (larminic acid is the 
true sensitive element in cochineal, ainl it is sometinn^s preferable to 
cochineal in very delicate operations. 

(). Phenacetolin.—'i’his indicator is slightly soluble in water but 
ri'adily in 50 per cent, alcohol, and a convenient stri'iigtli is 2 gm. 
per litre. The solution is greenish l)rown, giving a scarcely pereeplibh^ 
yellow' with eaustic soda or potash when a lew drops are used with 
ordinary volumes of ln|uid. With ammonia and the normal alkali 
eiubonates it give's dark pink, with bicarbonate a much more iiiLense 
pink, and with mineral acids a golden yellow. This in<licator may be 
used to determine the amount of caustic potash or soda in the presence 
of their normal carbonates if the projiortion of the former is not very 
small, or of caustic lime in the presence of carbonate, but no ammonia 
must be present. 

Practice, however, is required with solutions of kciow'u composition, 
so as to aiM^uin; knowledgi'. of the exact shades of colour. 

7^ Turmeric Paper. - Pettenkofor, in liis determination of car¬ 
bonic acid by baryta water, prefers turmi'ric paper as an indicator. For 
this purposi' it is best preparol by digesting pieces of the root, first in 
repeated small tpiantities of water to remove a portion of objectionable 
colouring matter, then in ahiohoj, and dipping strips of calendered 
unsized paper into the alcoholic solution, drying and preserving tliem 
in the dark. Or 1 part of powdered turmeric may he digested for about 
an hour with t» parts of weak alcohol volumes of alcohol to 1 of w'ateri 
in a covered flask, with ocrcasional shaking. The filtered liquid ^tincture 
of turmeric) is used to jirepare turmeric paper. Both liquid and paper 
should he [irotected from light. 

Thomson, in continuance of his valuable experiments o\ various 
indicators, 'found that turmeric paper is of very little use for ammonia, 
or the alkali carbonates, or sulphides or sulphites, but he prepared a 
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•pccuti jjapef of |i li^ht red-brown colour by dipping it into tincture of 
turmeric i-indcrcd sliglitly alkaline by caustic soda. If tjiis paper is , 
wetted with water tlie colour is ilitensified to a dark red-l)rown ; when 
partly imnuu’sed jn a vdry <liInte^ohd^on of an acid, the wetted portion 
becomes bright yellow, wliih^ immedial'oly above this a nioi'^tened dark 
red-brown band is fornie<l and the uppm’ dry portion retains its original 
colony. This appearance only occurs in tln^ titration of a comparatively 
large proportion of an a<*id, vvlicn the latter is nearly all 1ieutralizf‘d, 
and tluis serves to indii-tte the near approach to the*end-reaclion. 
Wlieii neutral or alkaline, the eolourof the iminerscMl portion of [taper 
iskimply intensified as already d»*seiibed. Tliis intensilitati^n is (jnite 
as decided as a change (»f tint. This rotbbrown [taper is as sensitive as 
[thenolphthalein for the titration »)f eitrie* acctie, tartaric, o\aIie and 
other organic acids l)v sfgndard soda or potash, and may Ixt use<l for 
liiglily coloured solutions. It is also availahV‘, Jike [)lienol[>hthahnn, 
for the determination of small <jvantitics of acid in strong alcohol.* 

ft. Rosolic Acid, Corallin, or Aurine (<is sohilth'in bll per 
^•ont. alcohol, and a convenient strength is 2 gm. per litre. Its 
colour IS pale yidlow, unalfected l>y iicids, but tiirning to violet-red 
with alkalis. It [losscsses the advantage over hi mils and. the other 
indicators that it <‘an b(‘ relied upon for the neutralization of ^nlj>hllrous 
acid with ammonia to normal siilphih* ('I'homson). Its delicacy is 
sensil)ly artected l»y salts of mnmonia and hy carlxaiic acid. It is ex¬ 
cellent for all lh(‘ initieral, but useless [or the organic acids, excepting 
oxalic. 

h. Lacmold. This indi<-!itor is a product of resorcin, and is tlierefore 
somewhat allied to Ijimns; nevi'rtheless, it <Iitfers from it in many 
r»*s|)eets, and has a jironouneed :in<l valiiabh^ charaeter of its own, 
especially when used in llu* form of [laper. ba<'moi(l n soluble in <lilute 
alcohol, and the indicator is made by dissolving :i gm. to the litre.' 

10. Lacmold Paper. -This is prepared by dipjung sli|)s of ealenderod 
unsized pa[)er into tlie blue or red solution, and drying (hem. 

Tlioiiison stati's that, in nearly (‘very [larticiilar, laemoid [laper, 
either blue or reil, is an (‘xeellent substitute for imMliyl orange, and 
may bo (3m[)lo)A>d in titrating (tolourivl solutions where the latter 
would be useless. Solution of laemoid, on the other hand, is not so 
valuable as the paper, inasmuch as it is more easily allecled by weak 
acads such as (‘arbonic, boric, etc. See [>. 40. 

^11. Congo Red, —Dissolve O-o gm. in 1)0 c.c. of water and 10 c.(;. of 
alcohol; or a I per cent, solution is made in dO per cent, alcohol, and 1 
<lrop is added to 10 c.c. The alcol»^l i# present to prevent the [irccipita 
tion of tiic hlue acid hy acids. The cliange from hliie to red is tiasier 
to observe than that from red to bluA This indicator is imieh used 
for titrating aniline basesmnd alkaloids, ft is alh'cted l>y m'ntral salts, 
esjiccially hv tlmsti of th(! alkaline i‘arths, and also by [irob'ins, 

• 

} Tliis soliitHMi iH roudcrmliuncli nioro etfoctiveas an iiuJnator il Korste i ’.s anggeation 
iH .xdoplfed, iiaiiudy, the a<l<iitiou of about r» gni. of ua[)tliol green to u litre ol the solution. 
The effect IS lb produce a more ileelded blue colour with allctlis than is given by laemoid 
alone. ^ * 
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12. Extra Sensitive Indicators.— M y 1 i u s {ind Forster* describe a 
scries of cx’^rinients on the determination of minute traces of alkali 
and the recognition of the neutrality of water by nutans of an ethereal 
solution of iodeosi^ or erytlirosin. *Thi!^body is a derivative of huorescin, 
and occui*s plentifully in commerce as adye for fabrics and paper. The 
commercial nuiieria! is jmriHed by solution in a<|ueous ether, and the 
filteretj solution is shaken with dilut(! caustic soda, vvhicli removes t^e 
i;olour; the latter is then precii)itate<l with stronger all^ali. 'I’he salt is 
tlien filtered off^ wasln'd w^li spirit and finally recrystallixed from hot 
alcohol. The in<licator*us(‘d by the operators was made by dissolving 
1 d(?cigram of the dry jiowder in a litre of aqui^oiis purt» et/ler. The 
ether of <‘ommer<‘e is puntied and rendered neutral by washing witli 
weak alkali, afterwards with pure water, and kt^eping the ether over 
pur(5 water. The indicator*s() prepared is quite useless for the ordinary 
titration of aciils and alkalis; its chief use isjo*^ the detection and 
measurement of very minute [iropprtions of alkali such as would oci-ur 
in water kept in glass vessels, or tla^ solubility of calcium or other 
earthy carbonates in watm- free from carbonic acid, or in the use of 
millinonnal solutions of alkalis and aci<ls aUo the neutrality of so- 
called pure salts or water. The method of using the indicator is to 
shake up, say, 2d (•.(*, with 100 c.**. of the li(piid to be examined, when, 
if alkali is present, a ro.se colour will Ik* communicated to the layer of 
ether whi<di rises to I he top. The iiuiicator m;i.y be used in conjunction 
with millinormal standard solutions, or coloriinctrically, like the well- 
known Nessler test. Further details of its iis(‘ are d(‘S4n-ii>ed in the 
I'oiitnlnitions mentioned. Another similar indicator is mentioned by 
Rulieniann, viz., tin* iinidi' of dicinnamylplnmylazimide.® This 
material giv(‘s a violet rose cfilour with the most minuU^ traces of alkali 
such, fur instance, as would app<‘ar from nicridy licating alcohol in a 
test tube,—tin* faint trace of alkali thus dcriviMl from the glass being 
siilHeient to cause a rapid d<*velopment, of coliuir. 

There is a Iarg<‘miinher of oth<“r imlicators, either in solution or as 
t<‘st papers, ami where necos-;arv tlu'sc will be mentioned. 


* THEORY OF rNDICATORS. 

Bkfork proceeding t(* giv<‘ an jicconnt of tlie 'riieoryof Imlieiftors, 
a short summiiry of the Ionic Theory may Ik; iis(;ful. 

The term “ ions " vv<; ow'e to K a rad a y, w ho so named lli(3 component 
parts, consisting of (ilements oi^n’oujis of chmieiits, into winch an electro¬ 
lyte was ilecomposed hy a current ^>f '#lectnrity. When; the current 
entered the Ii(pud—the anode -the ele<'tronegative constituents (Uilo- 
gens and aci<l radicles like N()„ or aalons appeared, while hydrogen 
and the metals a[)parently niovi' witli the ciirrent and an; Jiherated as 
cations —the electropositive constituents—at the cathode. These ions, 
then, are the true constiiaients of .salts. Symbolically, anion.s are usually 
re[>resented by a dash (j placed inime<liaudy after the chemical formula 
and ctitians, in like manner, hy a dot (•). Tlius, 


Heri^h tc, 24, 1482 ; also <\ A., 64, 228, d se</. 


*^/. f’. .S' Trails. 81,285. 
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Nil' ivprestnitri th*! .sodiiiiii ioii ns prostint in, e.g. an aqueous solution 
of saltj and 01' denotes tlx* chlorine ion. ' , 

MultivfiUdit ions are marked with as many dots and dashes as cor¬ 
respond to their valencies or electric charges. . 

W i 11 i a m son and Claus’ us suggested! long ago that it was liighly 
prohahle that electrolyh’s (existed, to a certain extent at least, as free 
ions ; hut it is to r r li e n i u s that the Ionic Theory, as we now know it, 
is principahy due. According to tins clxunist salts do not (^xist eufindy as 
snch in a(jUcous solution, hut are dissociated more or less completely 
into their con'stituents or ions. 'I’hc jorm “sqlt ” includes both acids 
and hasev, acids being 'ialts of hydrogen and bases salts of hydroxyl. 
Tims, in an acid we have an anion and hydrog(»n, H •, whih’ in a base wc* 
have a cation and liydroxyl Oil'. Water, the coinjxnind of liydrogon 
and hydroxyl, is ionized lo hut a very slight (extent: hence it follows 
that water is alwavs fhv'>'<‘d wlien the two constituent ions nu’ct in any 
liqpid. 

Farad a y and oth.u's had noticed that during eh’ctrolysis of a salt the 
salt hecaiiK^ more'concent rat(Ml in the neighbourhood of one pole, and 
more dilute round the other. The true ex()laiialion of this observation 
was found by 11 i f I o r f (IKdS; in the fact that the t\\o ions do not gener¬ 
ally mov(‘ at an equal rat(’. Jf they do, there is no such alteration of 
eou<*entration. But in llio iiion' numerous cases, where their rate of 
motion is (lillei’cnt, tlx’ salt concenlrat<;s round the pole to whi<h the 
more rapidly moving ion is I ravcdling. H i 11 o r f also pointed out that 
compounds, solutnms of which are goo<l (^oinluctors of ch’ctricity, an* 
pn’cisely those winch an* most suscc[)t)hle of chemical reaction. In 
later years this observation lia.s [)roved one of great importance. It 
has lieen found tlial (dectrolylic dissoiiation ainl electrolytic conduc- 
tivitv are so closelv related that conclusions can 1 k‘ drawn with respect 
to tin* former by ineasnnng the amount of the latter under given con¬ 
ditions, The degree of dissociation is dedin-e<l from the osmotic pres- 
suri’ of the solution, and trom itseh’ctnc <*onductivity a.t diflerent diln- 
tions. The osmotic [in’ssuix’ is determine<l (1) <hrcclly, (2) from the 
raising of the boiling point, and (:!) from the depression of the freezing 
point of the solvent by the presence of flie dissolved siihstanco or solut«‘. 

In a(pieous solutions of electrolytes the lotis are usually partly coni- 
hinscl ami partly free. Of ihc dilferent kinds of salts neutral ones are 
the most strongly ioniz.ed; their a<pn;oiis solutions of medium con¬ 
centration nsually lontain much more than half the total salt in the 
condition of free ions. In the case of luA'itral salts,also, the dissoci'ation 
always increases as tlie solution becomes more clilute. Hence the^ [iro- 
l)e»tje9 of a dilute? '*olution of a saft are mainly <lepemlent upon thosi? of 
its free ions. Neutral salts J4re all ionized to about the same extent, 
liowever strong or w(!ak their acid may lie.. 

Salts containing univalent ions are tlie most «lissociated, tin? dis¬ 
sociation decreasing as tin? valency of the ions increases. 

Acids and bases arc cla'^sified as strong of w(‘ak according to the 
degree of their ionization, the strongest in each case being tljpsft most 
completely'ionized. The strong acids, whose ionization.is of the same 
order as that of neiTtral salts are the lialogen hydrides (except hydro- 
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lluorii: acid, whi(^i is only ino(l(imioly iouizod), itiUic, chloric, pcrchlonc, 
sulphuric, %\u\ I he polythionic acids. 

Moderately stronj,^ acids conipdse phosphoric, sulphuro*u^ and acetic 
acids, which are ^not i(.*nize<I l)eyoiul jjlxnit 10 per cent, under ordinary 
conditions, • 

The weak acids are carl»ouic, liy<lrosulj»huric, liydrocyanic, silicic 
and horic aci<is, -in all of which the ionization undin* 1 })crcent. 

Tile {irincipal strong bases are tlie hydro\id(*s of tln^ alkali .^iid 
alkaline earili iiudals an(i*of tiialliuni, and also of tlie ocganic ijuater- 
navy aminouuun '•oin]'punds. All these are ionizahle to‘'about the same 
extent as neutral salts. « # 

Tli(‘ Law of Mass>actioii, as propounded in its most ^(cinn’al form 
l>y Wenzel in 1777, is that the streiifitli df chemieal action is propor¬ 
tional t») the «-oncentraliop of the acting' material, this bein^' determined 
I'V the amount in unit volume. If twosnhstain;fis^a(;t on (‘ach other, the 
action is proportional to the rehi^tiv*' uinonnt of each, and will he^ero 
if tile amoiiiiN ol a<-tiiii!: l)odic!^ is zero, ami the.'efoN^ it is proportional 
to the pi‘o<!ucl ol tlu‘ two. Kurthcr, the action will flepciul on Hie nature 
of the sul)'.lam-(‘'', on the tcinporatiire, ami on other circumstances; 
H|(!s(‘ inlliienccs can lie expn^^sed li\ a factor, licma* I he •* foj-ce ” of the 
cliemical alliiiitv can la- i'cpi‘(*s(Mit(‘d bv the (sxpresMon hpff, if/;i.s the 
la,ctor, and/I and 7 are I be actmj; masses. Ihit Ibis action is haianced 
by force< a< tin^ in opposition to the roriiiation of the mwv system, whieh 
lend to restore Hie [iriniary condition of the substances, ff tli(‘siib- 
stanees formed bv Hie ori^iinal reaclion a.re y/aml 7 ', and the new faetor 
k', (Mjuilibt'iiim will be e-'lablished wlien kjK/ Althon^di it is 

not possible to calculate the acinal amount of the “clicmical forces,” it 
is possibh' to calculate tlieir ratio, by know 11114 the jiositioii of oquili- 
liriuni, when tlie r(‘a.ctton has oone as far as it u ill, under a given set of 
conditions. The result of ^mdi ca.lcnlatioiis givi's the relative velocities 
of elii'Miieal reaction'*. 

(n solutions id electrolytes a state of (‘(piilihrinm subsists bidween 
the ions of Hie cleidrolytes and Hie non-diss'H'iated portion, vvliich can 
he e.vpressed in tin* form of a.M eijualion. Tlui.s in tin* ease of a liinary 
electrolyte (’, wlwch <-au bn‘ak iij> into tin* ions A* ainl B', if a represent 
the concentralion of Hie anion, h that of the cation, ami c that of the 
iion-ioniz<*d portion of a given solution, Hien the following simple relation 
holds good, 

ah --- Ir 

vvliere /■ is a constant ilepon^ing n[)oii the nature of the siihstancc and 
to a slight extent upon its teiiiperatun** 

Tw'o neutral salts exi'rt almostno action upon eacli otiior, bneanso 
both tlniv tnemselvcs and the jiossihlcii’i.'sultant new salts produced by 
their double de<‘ompositiow are all strongly ionizisl, and tin* ions remain 
sulistantialiv in their original condition. Thus a solution of jiota.ssium 
cliloritle consists chietly of the ions K* and Cl', and one of sodium nitrate 
ot the ions Na* ami nJ)'.„ and thcsi* (*omiitions are no^. altered by mixing 
tii(!^oy^itions together. 

Further,'this resulting solution is necessarily idenlleal with one 
made f**om eorrespomllng <|uanHties of sodium Miloride and potassium 
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nitrate, since the former contains the same ions in the same free state 
as the latter. 

When solutions of acids and bases* are mixed, an energetic reaction 
takes plac'c, the iiydrogen and hydroxyl ions nnitin^^ to form water, while 
the other two ions of the rcsnltiiiK salt remain in the solution in the 
free state.- 

.Remembering that all neutral salts are ionized to about the same 
extent, wo (.'an now understand what takes place when a strong acid is 
added to the salt of a weak one. Both of those being strongly ioniz(‘d, 
the anions of tlje salt unite with the hydrog<*n of the acid to form a 
second a<!.d, which is hut litth* ionized, s(‘(“mg that W(‘ started with 
tlie salt of a weak acid, i.e, of an acid which itself nndergoe.s only slight 
ionization. At the same time th(‘ anion of the added (strong) acid re- 
mains along with the cation of the original salt; in otli(‘r words, the 
solution now contains (nhe ions of the) salt formed l)\ the production of 
the {,veak hy ineai^s of the strong acid Thus tin* true cause of the re¬ 
action lies in the tendmicy of the inns of the weak acid to pass into the 
nonionized ''ondition. This reaction beeoniCH less complete as the 
newly formed acid is more strongly ionized, and should tlie latter be 
ionizable lo the same extent as the added acid, no reaction would take 
place. 

APPLICATION OF THE IONIC THEORY TO INDICATORS. 

Artificial indicator.-, are eitlier very W(*ak organic, acids or w(-'ak 
has(*s,and tlieir behaviour is su(*h that in solution their colour in tlic non¬ 
ionized state diliers from that which theyexliibit in the ionic condition. 
It seems, also, that in addition to a cliangi* in the ionic condition of an 
indicator there are cas('s wIkm'c^ the change of i-olour is associated with 
tautomeric change. 

Strong acids or bases are inadmissible ns imiicator.s, sim-c tliey ionize 
too strongly while in the free* stab* and would, therefore, show no ehaiige 
of colour on neutralization. For, when a strong acid is m'litralized, only 
its free hydrogen ions form water with the hydroxyl of the base, Ihe 
anion remaining unaltered. A weak acid, on the otho” hand, (‘xists for 
the most part as undis.sociat(-*d molecules in solution and not as ion, the 
ions baiing produciai only after neutralization, i.e. after the conversion of 
the acid into neutral salt, seeing that the neutral salts of (.wen weak 
acids undergo very complete ionization. 

Methyl Orange is an acid of medium i^rrength. its ions are:-- 

(CU:,)2N.C«JI..?>':N.C«ir^.SO':,and !(■ 
of which the former exhibits a jt^llow colour. 'I'lie undis.sociatod salt is, 
however, red ; so that in an afpH.'ous solution the colour observed is an 
intermediate one. Addition of a trace of strong acid (i.o. increase of II- 
ions) diminishes the very slight dissociation, and the red colour of the 
undissociated substance predominate.s. 

In the titration of a basic liijuid, to which a drop or two of meUiyl- 
orange has been added, the colour change is from yellow to red when a 
strong acid is added—\he yellow colour being due to the ionination of 
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tho indicator wliijjli is hroughi; about by a very slight increase of con¬ 
centration the liydroxyl (OH') ions. 

Wliere, however, a weak, i.e. only slightly iotiizable, acief added, the 
fjiiantity of H- ions on passing the*point of neutralization is too small to 
allow of the formation of visible amount of non-ionized compound,— 
henci; no colour-change is obsorve<l. Accordingly, this indicator is 
useful only when strong aeid.s are being dealt with. For bases, both 
strong and weak, it is, hownwer, the jiroper indieator to use, a# its dceirfed 
acid nature permits of its Vu'ming salts with vovy weaR bases, and those 
salts are not Inolrolysc^l to any extent by water. '* 

Phenolphthaleln is a very weakly aeul indicator, whie'i isH’olourless 
both in acid and in neutral solution, but intensely red in the presence 
of caustic alkali, i.e. the undissoeialcd moKVulo is i-olourli'ss, but when 
ionized it ])ei*omes red. It^t-an Im' used for tlie <letermination of weak 
acids such as carbonic* a.eid, organic acids and because tlie acid, if 
present in tlu^ sliglitest ex«*ess, wilj giv«^ up its hydrogen to it, thus pro¬ 
ducing tin* eliangcMif rolour that accompanies the pas.ijige from.the ionic- 
stale to tliatof tlie non-ionized moleeule. It can only b(‘employed with 
strong bases, however, as with w’eak ones it forms sails incom|)letely, 
the )a.ttei* l>eing decomposed by liydrolysis with the wat^r present. 
.Ammonia, for example, is too weak a base in itself to yield a normal 
salt with ])henolphtbaI(UM in very dilute solution, i.i'. to give the free 
ioii.s of tlie salt. In fact, a distinct excess of ammonia is reijuired to 
oven-ome (he iiydrolytic action of the water; heiu-e, the change of colour 
III proseriec of salts of ammonia is anything but sharp, and only apiraront 
will'll a considerable excess of base is present. 

For titration of weak acids it is admirable as an indieator, a strong 
base (barium hydroxide by pn'fenni-ee) lieing used. For alkalimetry it 
can be used only w lieu a strong base is to be determined. But i-oneen- 
trated solutions must be diluti'd before titration, as they destroy the 
red colour of lli<‘ indicator and it cannot afterwards be restored by 
dilution. 

Summing up, we may say that for the titration of weak acids a 
moderately ionized indicator is alone of use, while weak liases require as 
feebly basic indicators as possilde. 

For further information on these subjects the reader is referred to 
I) s t w' a Id’s HrivnhjU' Fuiindatioii of Anahit icn.l Chi'miatrij, translaiijd by 
(}. Mc(»o\van; Ham say’s Introduction to the ntndij of PhijxicQl 
and papers by Dr. J. T. Ifevvitt on the “(Jonstitiition of 
Indicators” (see Anahjnt, 33 , 80 ,cle,.)—all of vvhicli Inive been laid 

under contribution in the prejiaration oJ|thIs section. 

PREPARATION OF THE NORMAL ACID AND ALKALI 
SOLUTIONS. 

It ts (jnite jiussible to carry out the titration of acids and alkalis 
witli only one standard! liquid of each kind; hut it frequently happens 
tliat* 8 t|ndard acids or alkalis are required in other processes of titra- 
lion besides mere saturation, and it is therefore advisaMo to have a 
variety.^ • 
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Alicive all thingSrit is absohilpiv ni’ocssarv to h/ivo at loast one 
standard acid and one standard alkali |)rc]iarcd with tlio nrist scrniiu- 
lous ai'curacy to use as fonndatims foi;all others. 

It is preferable to use snlphnric acid for the normal acid solution, 
ina.sinnch as there is no difficulty eomracreially in obtaining the 
purest acid. The normal acid made with it is totally unall'ected hv 
hoijing, even when of full strength, which cannot he said of cither nitric 
or hydrochloric acjd. Ifydrocliloric acid is, however, generally preferred 
by alkali makers, owing to its giving soliililc ,compounds with lime and 
similar bases. Nitric and ovalic acids are also sonietimes convenient. 

Sodium’ earhonate, on the other liand, is to he prefei-reil for the 
standard alkali, hecanse it may readily he prepared in a pure state or 
may easily be made from |iiire sodium hicarlionate as described further 
on. Differences of opinion exist among clngnists ,as to the best suh- 
stanees to be used as,sCijpdards in preparing the various solutions used 
in alkalimetry and acidimetry. .My experience satislies me that, al¬ 
though many of these modifications mav serve very well as controls 
there is no more ndiahle standard than pure sodiniii earhonate. 

The chief difficulty with sodium carbonate is thal. with litmus as 
indicator, the titration must he carried on at a boiling heat in order to 
get rid of DO.,, which ohsciires the pure blue colour of the indicator, 
notwithstanding tlie alkali mav ho in great excess. This dillicnltv is 
now set aside by tlie use of methvi orange. In case the operator has not 
this inilicator at liand, lit mils or phcnolphllialciii gives pcrfccllv accnralc 
results if tlie saturation is liisl eoiidiietcd liy rapidiy boiling tlie iiipiid 
for a minute after each addition of acid, until the point is reached when 
one drop of acid in excess gives a change of colour which is not altered 
by further boiling. Tins is used as a preliminary test, hut as titrations 
are usually oondiieted at ordinary temperatures the linal adjustmeiil 
should lie made iiv adding in tiie second trial a moderate excess of the 
acid, then lioiling to get Ihoroiighiv rid of CO,, rapidly cooling the liipiid, 
and titrating hack with an accurate slandard alkidi. A sliglit ealenla- 
tion will then give the lignres for adjustment. Ifgre.al aceuracy is ro- 
ipiired this lioiling imist not take place in glass flasks, hut in vessels of 
porcelain, platinum, or silver, as even Jena glass is affected by hoilim' 
alkaline solutions. 

A.s-has previously been said, these two standard acid and alkali solu¬ 
tions must he prepared with the utmost care, sinee ujion their correct 
preparation and preservation depends ttie verilieation of other standard 
solutions. ' 

The best method of prepariiig .sodium earlwnate for standardizing 
sulpkiiric or hydrochloric acid is to half till a platinum liasin with pure 
sodium hicarlionate in |iowilciA(Nalf(;0,i).' Place it in an air bath 
already heated to about ghOMA, and raise the .tem|siratlire to g7(l «()“, hut 
not more than JOir C. Del it remain at ttiis teniperatiire for tialf an 
hour, then cool it in a desiccator, and before it is quite cold transfer it 

•If there i.i any iloiibt as to the [mntyol the hiearliomite, it .shoiiH he .sli,»l:el‘with 
twice its weight bl ice-coM water (preleralily satiiratcil with (lO.j), transterred toalilter, 
washed on the lilter with th« .same weight ol water .vs betore, and dried on the njiter-batli! 
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• to a warm, dry, stf|ppon*(i tul)e or bottle, out of vvtiieli, when cold, it may 
be weighed *H|)idly as wanted. The carl)onate so produced will be free 
trom lumps and easily soluble in cold distilhal water. To standardize 
the diluted atdd, ^ibout 2 or h gm. o/ (cirbonabs should la; (piickly 
weighed, dissolved in about K(» or HID tic. of waler, 2 drops of methU 
orange solution aslded, and the operation cotnplet<!d liy running the acid 
of unknown strength, in small ijnantities at a time, from a bnretje 
divided into e.e. into the soda solution until exact salnration is 
effected. . ^ 

A second trial should now be made, but preferably w?th a different 
w'cight of the salt. The saturation is carried out [irocisefy lA at first. 
The data for ascertaining the exact strcngtfi of the acid .solution by cal¬ 
culation are now in hand. ' 

A strictly normal acid slionld at l.h'’ (f. exactly satiir.ate sodinni car¬ 
bonate in the iiroportion of IIKI c.c. to rr.'i gni. i , 

Suppose that 2'4() gin. carbonatf risjuireil dl'.t c.c.^of the acid in .the 
first experiment, then ’ 

2-4i;:rc:t' 4lo:i Kflfc.c. ’ 

Again :2-iri;igin, (•.■i.iboii.'i.te reipiircd ill!-It c.c. of acid, Ihcn 

‘J'l.sli . ."r;; ; ; hli-h , i Sll-.f c.c. * 

The acid iiiav now be ;i.d|iistcd bv iiiensiiring H'.IU c c. into the gradu¬ 
ated litre evlinder, adding f c.c. Iroiii the burette, or with a small [lipette 
and lining to the litre mark with distilled waler. 

Finally, the strength of the acid so prepared must be proved by 
taking a fresh ipiantiiv ol sodium carbonate. It the iiicasnring instru¬ 
ments all agree, and the operations are all conducted with due care, a 
drop or two in excess of either acid or alkali in .50 c.i . should siilfice to 
revers<‘ the colour of l.he indicator. 

i he adoption ol sodiiini carbonate as a standard for [irep iring norinid 
acid .solutions is strongly recommended in I, ii ii go’s Itcport to the In¬ 
ternational Congress of Applied Chemistry.' From the acid .so standard¬ 
ized a corresponding normal caustic alkali may be made, and from that 
a. normal oxalic. a.eid, and Ironi that a ih‘cinornial jierinanga,nate solu¬ 
tion. • 

Sodium Thiosulphate as Standard in Alkalimetry (W. Keld)."- 
Whoii e.xcess of mcicnric chloride is added to a solution of thiosnlpliate 
the latter is oxidized in accordance with the following eipiation: 

NaAf), - 1 - 21IgCI., -I- H.y llgdfl., -t Na-.SO, -i- 2I£('I -i- S. 

It is suggested therefore, that .soihum thiosul|ihalc, which is obtainable 
'■Oinmerciallv in a stale of great piirdy, Affords one of the best available 
standaivls for confrolling standard alkali solufions. It isdoiibtfni, hW- 
cver, whelher the iiicthod could lie used Tor alkali solutions of strength 
greater than deeinornni.l, as the following eonsidemtioiis will show. By 
the aboye e(|iiation 248-22 gm. of erystallized thiosniphale (Na-jS/lj, 
"IbjO) lilxirato 2 x ;!C-4f8gni. flCl e([iiivalent to 2 x 40-0118 gm. NaOIl, 
"I- 124-11 gm. erystallized thiosulphate are equivalent to 1 litre 

’A'../'. fiiii/enK C., 190:{, 24. /itiO, also Anit/i/sf, 28, ii07* 

/. it. (\ 1911. 29, nm ami Anahjst 191]', 38, 4^5. 
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Of H/i. NaOn. Hence 12‘4U gni. cryistallized tliiosulpliate ~ 1 litre 
*/io NaOH. The author recommends that about 0-5 gni. of^thiosulphate 
be accurately weighed out, dissolvc'd in water, and the solution added to 
40c.c. of a cold saturabKl solution of inorcurii.' chloride. Excess of mer¬ 
curic cliloridcis essential, as oflierwise black mercuric suljdiidc separates. 
Five minutes are allowed for the r«‘action to complete itself and then 
about 30 c.c. of 4\ ammonium chlorkh' solution is added to jircvimt the 
preoipitatiO^i t)f yellow mercuric oxide by the caustic alkali, wliielr would 
mask the colourVif th<* imiicator. Methyl or^uige is addini, and the titra¬ 
tion with the caustic alkali procee<l(Ml with. 0*5.gm. of the thiosulphate 
would re'v,uiw about 40 c.e. *^10 NaOH to be added. Tlu* error of the 
method is stated to be + (>'05 c.c. alkali. 

Potassium bi-iodate,’ Kl'! (I(),)a, an a<*i<l salt, which can easily be ob¬ 
tained in a stab' of great purity, has Ix'en recommendc'd for standaializing 
normal j>otassium hv(hoxide, udng phenoljdithalein as indicator. 3'TO5 
gm dissolved in water n'quiix' ('xactly 10 e.c. of the alkali solution. 

Sodium oxalate, pre|)ared as rc'eommended b\ S o iw'n s('n,'-' is a re¬ 
liable and accurate'standard for aeidinudry. It is converted into sodium 
carbonate by moderate ignition. 

Sodium oxalate can readily be obtained free Irom water of crystalliza¬ 
tion, aecording to vS<»rense n, and is not hygroseojac. As prepared ae¬ 
cording to his directions, by prejiar.ilion with alcohol and drying at 240°, 
it may be iiM'd I'ither din'ctiy or after a few hours’ heating in the steam 
oven. Some of tlie salt is carefully weighed in a platinum crucible, which 
is tlien covered with the lid. and while siipfuo-b'd in a liol(' in a pieci' of 
asbestos cardboard lieated fur 1.5-30 mins, over a small gas flaim* until the 
sodium carbonate formed just l)egins to fuse; towards tlu* end of tlu' 
operation tlu! Ii<l is moved asidi; so as to covit aboul one-lialf of the 
cnieible and thus bring about ilu' eoiiifiletc' combustion of the carbon 
formed. TIk' ignition of the salt with eomplote combustion of the carbon, 
which S oren sc ri himself reganis as absolutely necessary, doubtle.ss re- 
(juin^s considerable care in order to prevent loss during tiu' process The 
resulting carbonate is I ben transferreil to a .leiia lii'akoi', dissolvwl in 
water, methyl orange a<l«Ied and the aciil solution titrated, 

10 c.e. "/id acid conx.'spond to 0 00705 gm. of .odii^m oxalatii and 0*1 
gm. of sodium oxalate corresponds to 14*01 e.c. of " acid. 

The following liave abo been proposed as standanls:— 

Potassium bitartrati*, KHO 4 H 4 OC. 3*703 gm. ---- 20 c.c. normal i-austie 
potash solution, using plienolplilhalein as indicator, and boiling repcabMily 
during tlie titration. 

Succinic aei<l, C.jH4((l001[,i), using plienoijihthah'in as imiicator; 
arsenious acid,'* men-uric oxiilep and acid jiotassium [ditlialakv' 
KHCflH^Oi, an anhyilrous, non-hygroscojiic, stable and colourless .salt, 
readily propareil from plithalic anhydride. 

^Mcinecke, C’, 19, 2. 

n. C. 1903, 42, 33.‘{, and .\Mhjst 1903, 28, 30« (. 

^Menzifia ati<l McCar tily,./, A',1915, 37,2021. 

^Rosunt^abrr and A l)« 1 mann, l‘h. 1913, 91, 144 

*F. D. Jtoilge, J. hid. and Knij (.'hf'nx., 1915, 7, 29, W. .S. Mendrixson, 
./. .1. C.S., 1915. 37, 235/; Analyst, 1915, 40,171 and 609. 
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. Normal Sodium Carbonatei 


r)3 gin. Na,^ 0;5 per litre. 


Tliia aolution is^iiado by dissolving erystais of pure sodium carbonate, 
then ascertaining its strengtii by a correct norma! acid at 15", and ad¬ 
justing its volume so that it corresponds exactly with the nornial acid. 
Al)Solnteiy pure anhydrous sodium carbonate is diftieiiit to fipd in coi^- 
incive, and evim if otherwise pnn^ is gimerally coniaminated with in- 
solulde dust l•ontl■a^•ted in ttie proeess of drying. The solijition does not 
keep well, as it rapidly jfttacks glass. ^ ^ 


2. Normal Potassium C2y*bonate. 

bOT cin. K./X), per litre. 

Tins solution is soimdimcs, Hiongli raivly, pret^V/^lile to the soda salt, 
and is of sinwice for tlie <letermination of combined acid^ in certain ca:>es 
where, by boiling with this reagent, an interchangi; of acid arnl base 
takes place. 

It cannot be prepared ljy direct weighing of tlie potassium ('arhonate, 
and is therefore best imule by titrating a solution ot unknown •strength 
with strictly normal acid and adjusting as described above. 


3. Normal Sulphuric Acid. 

4b-();Wgin. ll.SOj per litre. 

About 30 c.c. of pure sulphuric acid of sp. gr. 1-XlO. or thereabouts, 
are mixed with tliris* or tour times the volume ol distilled water and 
allowed to cool, then jiut into the grailuated cyliudiu' and (iilufcd up to 
about a litre at the proper iempi'rature. 'The solution may now Ijc ti¬ 
trated with sodium carI*ouate, as previously desenbed, ami accurately 
adjusted. 

Or thus; Suppose that two litres of normal sulphuric acid arc required. 
Counterbalance a beaker wiili shut on a rough balance and tiH'ujh into it lOt gin. 
of concentrated sulphuric acid. Tins is easily done by putting a 5 gm. weight 
on the pan witli tlie«bcaker and pouring the acid in a tliin stream till it is in 
excess ol the weight, then removing the •'» gm. weiglit and adding tlie acid drop 
by drop till it is the correct weight ora little more. Then pour it. into a litre f^sk 
containing about 500 e.e. of distilled water, rinse the beaker sovoml times with 
water, adding the rinsings to the flask, and after shakiug the flask allow it to stand 
•levoral hours till it lias acquired the tftmpmturc of the laboratory. Now make up 
-0 the mark with distilled water, mix, and transfer to the stock bottle. Fill up 
die litre flask with distilled water and poi# thft also into tin* stock bottle, ftf^x 
.liorouglily and we have a solution rather stronger tliau normal. Next weigh out 
•OG gm. of sodium carbonate and dissolve inlibout 30 c.c. of water in a Jena 
'oaker. Pill a burette with tlio acid and run carefully into the soda solution, to 
vhich a drop or two of methyl orange has been added, until a pink colour remains 
iter well stirring. Let 18'U^^c. of the acid be required (instead of liO for normal), 
'bon the solution requires the addition of IT c.c. of water for every 18*9 c.c. It 
leasuriA 2^ - 18*9 = (say) 1981 c.c, 

18'9:1981 =: IT :jr. 
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Now, as an approxin'iafciou to corrocfc strength with a cort^nty of being on the 
right side, pour carefully 110 c.c. of water into the slock bottle, run the liquid from 
the burette into it, mix thoroughly, fill uptlio burette twice and then titrate again, 
using 2'12 gm. of the alkali and running too acid into it alowlij. Suppose rhat 
exactly 89*0 .c, are required (instead of 40). T'he solution now measures 1081 + 
110 - 40 — 2051 c.c. and the amount of water to he added is 
89-0;2051 = 0 1 

x ~ 5-’ c.c. 

Add this quantity of water to the hulk, mix /.iioroughly as before, and tlie 
solution should ue of exactly normal strength, and shquid bo proved to be so by a 
final titrat.m vith 2*12 gm. of sodium carboua'o as before. 

If tile standard solution lias inadvertently been made too weak, it may be 
rectified as follows. Suppose that, in tlie above example, I'OG gm. of sodium 
carbonate required 20‘t! c.c. of the acid solution instead of i.0 c.c. Tims, 20'6 c.c. 
of the solution are eqiii’ilcut to 20 c.c, of noriiiai strength, and 1 c.c. of the 
20-0 

former -- 0-07087 e.c. of uorinal acid. Two litres contaiuO-070R7 x 08-070 

= 05'220 gm. of ll.^’O^ instead of !)8'U7r) gm. for normal strength. Hence, 
08-070 - 05-220=^ 2-8.50, say 2-0 gin. have to lx* added. This amount is ac¬ 
cordingly weighed out in a small l■<JunterpoiKed heakcr, which is then filled up 
with the -weak solution, emptied into tlie Imlk, again rinsed out in the same way, 
tlie whole well mixed, and the solution again tested as lieforc. 

fn the foregoing (liivctioii> for tin' ))re|iMration of stiiudard acid and 
alkali it is evident that, with the oxeeptiou of control by the rather 
doubtful nietliod of prei-ipitatioii of the sLiIphurii- aeid by Icuium, the 
responsibility for an aemirate aeid soliilion is tin-own upon the sodium 
carbonate, and though iny ex|iei-iein-(' lia> been that with proper eare this 
is <piite relinhle, it Is jilaiii that any oilier means of gi'tting at the aeeur- 
at<‘ strimgth of the sul|»iiuri<- a<-id will he aia-eptable. This is now, owing 
to th<‘ elaboraU* ami careful (‘xpm'iinents of Pick e v i n g on the s[)eeifie 
gravities of solutions of sulpliurie aeid of various strengths, rimdered 
fj uite possible.' 

It is true tiiat the eonditions iimim- which the working strength of the 
ai-id is obtained are very stringent, and in’ed the utmost i-arein jierfoini- 
anee, but of the extnmie aceinm y i>f the ri'siilt tliere is no shadow of 
doubt. 

We are indebted (o A. a r-'h a I!, who lias made iisi- of Pi eke r- 
i n g’s figures to ealcutate a formula and tallies, whie.li may be used for 
making up stamlard solutions of sulpliurie aeid with great aeeuraey and 
ease. Pickering’s [loreentages are lir -lid upon the fn'O/^ing points of 
eoneeutrated suliihune aeid, and they are accurate within O'Ol percent. 
Asq)ractieally no volumetric metluvl can he relie<l upon within less than 
0-1 per cent, this leaves an ample margin (Consideration of the figures 
show.s that the sti-ength of tfie acid can be deterininod with tlie ni'cessary 
aeeuraey with least dillicultv when the acid contains from 60 to 8.0 per 
cent, of Between tliese limits an error of 0-001 in tlie apeeifie 

gravity or of P’C. m tlie temperature will intrftduec an error of about 
0-14 per cent, in the amount of acid, whereas outside tlie ahove Jimits 
the error introduced may be many times as great. 

' './. \ Tnoii., 1890, (54-184. 
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^rioTHOU OF Pii^CBDUUfj: Highly pure sulphuric acid should be taken and 
diluted witli fater (preferably by adding the acid to tl)o water). Cpi^l the mixture 
to a coiivoiiient temperature and thou determine its spncitie gravity. The tem- 
pmature must be known witliin (Vfi^cTand.thc sjiccilic gravity within 0 ’U<Xj 5. If 
a Spreugel tube of jh c.c. capacity be used, Uie weigliiiigs must be correct within 
O-OI grain. The percentage of in ttie acid is then given by the formula; 

P == 1) (Sr)-H7 + O-Ob T - -OOlH I-) - 6’J-KO 

wliere 1* ^ per cent, of H.^SO, m the acid • ' 

and n = density of the acid at T''’ C. referred to water at f' (1. 

Tin; above formula may bi^ used for any temperatures froir.*0' to 40' (b and 
for acid eontaiiung frJ to per emit, of II^^SC),. The percentages giv^n by it are 
rorred willnn + ■! pm' cent. 

The woiglit of acid required for tlic iirepaiatupi of the standard solution can 
now he calculated. 

Jji't A - grams of H.^SO^ilier litre in the reqinred ijpUition 
and n - mimln;r of litres roipiircd « ^ 

and W - weiglit of the acid \vhi(;|i must lie weighed out 
Then 


W - n A 


l(K) 

P 


Weigh out W grams of the mud and make it u)) to n litres. 

The percentages given by the ahove empirical formula arc quite accurate onoiigii 
for all ordinary purposes; the maximum i-rror winch <'ould ho introduced by 
cmiiloying them is about 1 in l.bUU. Jlore accurate values may, however, he 
olitaini'd from Tables 1. and II.; if great care bo exercised, the error in the por- 
ceutage need not tlieii ovcoed 1 in 7,<)(K). I’he weights, on which these taldos 
were bast:d, wore fully (corrected for air displaeeinout. The weights of acnl and 
water (“ontaineil liy the [lykiiometer, or Spreugel lube, must theretorc be similarly 
coiTcrted. Uiiliiss a very high degree of accuracy be aimed at, this eorroetion 
may be made by subLnud.uig U-UUI from the uucorrected specilii' gravity iound. 

'I’he table at IH" (1. (Table ll.) is slightly more reliable than that at lb''’ C. 
('Table 1.), as hS'^ was one of the tmuperatiires at wbieli Pickeri ng actually 
determined the deusilies.' 


Using these tallies (p. 52) I have found that a nonnal aeid of great ae. 
eiiraey may leadily he prepared, and the strong solution nifiy he kej>t 
inlael in slrengtli if plaeed in a \\ell-stop|)ered holtle so as lo preserve 
it from (lamp air.* The fact that tlie eoiieenlrap'd nei<l is weighed, and 
not measured, is an additional si'curilv. and the uidgliiiig may take 
idaee within a large range of tempeiatnres without any inaiddcal loss of 
accuracy. 

M 4a cheek lo tin' normal solution thus made I have used ])ure sodium 
eai'honate prepared and wi'iglied with the utmost can', and titrated hy 
the help of metlivl orange, witii the most^satisfaclorv results." 


4 . Normal Oxalk Acid. 

hlt'024 gm. I[._.(hOi,2H4), or 4r)'(>l gm. JI._,U.,Oi per litre. 

Tins solution cannot verv vvi'll he correctly prepared liy ilireet weigh¬ 
ing, owing to uncertain lAairatioii of tlie crystallized acid ; hence it must 

li|;nres given in these tables .are only applicable to pure sulplnirie t^eid. 

- For valuable tables giving the relafim of specific gravity to pereciiUgc for sohilioiis 
"t sulphuritv hydrochloric, and oxalic acids, see a piija-r by Worden and Mtitiou, 
•/ N ('./,190.b, 24,178. 
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Table I. ^ 

For ascertaining: the Percentage StreiKth of Sulphuric Acid Solutions 
from the Specific (Jravities at 15° C./15' C. 


Specific 

Cii'f.v'ity 

I 

1 

i 

3. 

1 

1 ... 

! 

6. 

7. 

1 

I 

r»." 

1 ]-00 

! 08 72 

-•'W-BO 

1 

<;8-89 

08-97 

! 09*00 

OO-l.-^* 

09-23 

09-32 

1 09-10 

j 09-49 

1 im;i 

1 (lil'M 

(>9-00 

09 75 

(;9 84 

' 09*92 

70-01 

70-09 

70-18 

; 70-20 

70-35 

l-(!2 

' 70-43 ' 

70-52 

70-00 

70-0!l 

1 70-77 

70-80 

70-!)4 

71-03 

1 71-11 

1 71-20 

' i g;^ 

71-23 : 

71-37 

71-4.5 

71-54 

71-02 

71*71 

71-80 

1 71-88 1 71-97 

1 72-05 

' 1-61 1 

72-13 

72-22 

72-30 

i72-39 

72-47 

72-50 

72-04 

72-73 

' 72-81 

; 72-90 

1 1-G5 1 

72-98 

73-07 

i 73-15 

73-24 

73-32 

73-41 

7.3-49 

73-57 

■ 73-00 , 

i 73-74 

' if)6 : 

73-33 1 

73-;)l 

[ 74-85 

74-08 

74-17 

74*25 

74-34 

74-42 i 

! 74-51 

' 74-59 

i l'G7 j 

74-(>8 

74-70 

74*93 

75-02 I 

75*10 

75-19 

75-27 i 

' 75-30 1 

75-44 

: ' 

7.5-52 

75-01 1 

^ 75-09 

75-78 

75-80 

75-95 

70-03 

76-12 i 

70-21 j 

70-29 

: 1-G9 1 

70-.38 

70-4/ 

70-55 

70 04 

70-5^2 

: 70-81 

70-fK) 

70-98 1 

77-07 

77-15 

i 1-70 1 

77-24 

77-3:3^ 

77-41 

77-50 

77-5‘) 

' 77-07 

' 77-70 

77*84 1 

77-93 1 

78-02 

' 1-71 1 

78-10 

78-19 

78-28 

78-30 

: 78-45 

73-53 

78-02 

78-71 1 

78-79 j 

78-88 

, 1-72 : 

78-97 

79 0.5 

79-14 

79-22 

79-31 

79-40 

79-48 

79-57 1 

7il-f)5 ' 

79-74 

i 1-n ! 

79-83 

79-91 

80-00 

80-09 


80 27 

80-37 

80-40 ' 

80-55 ! 

80-64 

1 1-74 

80-73 

80-82 

80-91 

81-00 

81-10 

8M!I 

81-28 

81-37 j 

81-40 1 

81-55 

' 1-75 ! 

81-(;4 

81-73 

Bl-83 

81-98 

82-01 

82-11 

82-21 

82 30 ■ 

82-40 i 82-50 I 

; 1-76 : 

82-(«) j 

82-70 

82-79 

82-89 

82-'lO 

83-09 

83-19 

83-28 i 

,83-38 1 

83-48 

1 1-77 1 

83-58 

83-03 

! 

83-77 

83-87 

1 

83-97 

84-07 

84-10 

84-20 

1 

84-30 j 

84-15 


T.uii.i: II. 

For ascertaining the Percentage Strength of Sulphuric Acid Solutions 
from the Specific (Iravities at 18“ C.,18' C. 


j Specific 

I (Jravjty. 

0. 

1. 

•J. 

.. . 

4. 

.5. 

0. 


s. 

9. 

1-00 

08-89 

OB-97 

(W-OO 09-1.5 

09-23 

09-32 

09-40 

69-49 

09-58 

69-00 

j 1*01 

09-75 

09-83 

09-92 

70-01 

70-09 

70-18 

70-2(; 

70-3.5 

70-43 

70-.52 

: V(?2 

70-01 

70-09 

70-78 

70-80 

70-95 

71-03 

71-12 

71-20 

71-2!) 

71-37 

‘ 1-03 

71-40 

71-55 

71-03 

71-72 

71-80 

71-89 

71-97 

72-00 

72-14 

72-23 

1*64 

72 31 

72-40 

72-48 

72-67 

72-05 

72-74 

72-82 

72-91 

72-99 

73-08 

1-65 

73-10 

73-2.5 ’ 73-33 

73-42 

73-50 

£3-59 

73-07 

73-70 

73-84 

73-93 

1-CO 

74-01 

74-10 

74-18 

74-27 

74-3.5 

74-44 

74-52 

74-01 

74-69 

74-78 

1-67 

74-80 

74-95 

7.5 03 

7.5-;2 

75-20 

75-29 

75-37 

76*46 

7.5-54 

75*03 

1*03 

75-71 

75-80 

75-88 

7.5-97 

70-05 

70-14 

70-22 

76*31 

70-40 

70*48 

1-09 

70-57 

70-05 

70-74 

70;82 

70-91 

7(599 

77-08 

77-17 

77-25 

77*34 

1-70 

77-42 

77-51 

77-.59 

77-08 

77-77 

77-85 

77-94 

78 03 

78-11 

78-20 

1*71 

78-29 

78-37 

78-40 

78-55 

78-03 

78-72 

78-81 

78-90 

78-98 

79-07 

1-72 

79-16 

79-24 

79-33 

79-42 

79-51 

79-59 

79-08 

79-77 

79*85 

79-94 

1-73 

80-03 

80*12 

80-21 

80-30 

80-39 

80-48 

80-57 

80-00 

eo-?.*) 

80*84 

1-74 

80 93 

81-02 

81-12 

81-21 

81-30 

81-40 

J^-49 

81-58 

81-07 

81-76 

1*76 

81-86 

81*95 

82-04 

82-14 

82-24 

82-34 

82-44 

82-63 

82-68 

§2-72 

1-76 

82-82 

82-92 

83-02 

83-13 

83-23 

83-32 

83-42 

a3-52 

83*(J2 

83-72 

1-77 

83-82 

84-92 

84-02 

84-12 

84-22 

84-.33 

84-43 

84*54 

84-65 

84-77 

_ 

_ 

.. 


.. 
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l>e titrated by nirmal alkali of known accuracy, plienolphthalein as 
indicator.* , 

The solution is apt to deposit some of the acid at low temperatures, 
hut keeps fairl}»woll if preserved from direct sunlight, and will bear 
boating without volatilizing tlie acid. Very dilute solutions of oxalic acid 
are unstable ; therefore, if a deeinormal or ccntinormal solution is at any 
Lime re(juire<l it should be made when wante<l. 

• 

5. fformal Hydrochloric Acid. 

;il!’4(i8gm. IfCi per litre. , 

To prepare ihis, first of all distil a (piantity of the ordinary pure con¬ 
centrated a<!id (free from chlorine gas) frorrt aiaipaciotis retort until one- 
thin! has passed ov(‘r. |'he residual Ii«p.i 4 l ' will contain 20-2 [ler cent, 
of hydrogmi <‘lilorjd«, ainl Id.o <-.c. when dtlul(c^*(o one litn* will form an 
almost exactly normnl solution. Strong hydroimlorie acid dilut^'d to 
specific gravity 1020 is approximately normal. Or‘120 grn., or 105 e.c. 
of the ordinary strong livdrochlori<' a,ci<l, which coiflains about one-third 
of its vv(‘iglit of tin* gas, may he diluleil wifli water to one litre, which 
will then form a solufion somewhat stronger than normal. .This is now 
titrateil with sodium carbonate (‘vactly as described in section 3. p, 4!!, 
and tliinted lo exact ^trengtli. 

Normal iiy<lr(H‘hli>ric acid is mo'-t a(^curatclv 'standardized gravimetri- 
cally by iirccipilating the chlorine will) excess of silver nitrati* and weigh¬ 
ing the Sliver chloride in a Gooch crneihli*. A simple and accurate pro 
cess of slan<lardizatioii consists in immersing weighed piece's of Iceland 
s|)ar in a measured volume of llie acid, and noting the loss in weiglit of 
the spar after the a.ci<l is ncutralized.- 

Normal IlCI has the advantages oven- normal II.JSO 4 that it gives with 
alkaline earths salts wliieh are sitiuhle hofli in wat<‘r and in diluh* alcohol, 
and that its strength can he<-ontrolied gravimetrlealiv with silver nitrate. 
Hence, Hie geinual choice, at least for fe'chnical jmrposcs, has fallen on 
liydroelilorie aciei as I he standard aedd. Th<‘ sole elisadvanlage is that it 
volatilizes at a boiling heat. 

G. 1’. Moody ■' (lescrilx's a method of prejiaring an accurate standard 
aei<l whicli consists in passing gaseous HCI into wafer and weighing the 
amount absorbed. 'I'his re(piiresa rather delicate arrangement*of ap¬ 
paratus, hut it is undoubtedly capable of great accuracy. 

6 . hft>rmal Nitric Acid. 

(ilbhlB gm. ftN(5| per litre. , 

A rigidly exact normal acid slionld be prepared by mc.yis of sodium 
or calcium carbouatix as in tlie (;hs (5 of normal hydroclilonc aciil. 

Tlie nitric ludd used should he colourless, free from chlorine and uitn^us 
acid, specific gravity a^out 1'3. If coloured from tlie presence of lower 
oxides of nitrogen, it should be mixed with two volumes of water and 

1 U (»c,01> atnl Dittiiiar, J. U. .S’, IStiO, 12, 12S. • 

^Masson, L’. X, 1900, 81, 73, and Greei), 1003, 87, 5. 

• V. (\ S. Tmiis., 1898, 658. 
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boilod until oolonrhvs. When cold it nuiy he diluteiL ami titrated as 
previously desm'ihed for sulphuric acid. , ‘ 

Also, 03 gni. or 06 c.c*. of the oulgnary strong nltriit aeid (sp. gr. 
1'42; diluted to one litre give^ a solution rather slroi ger limn normal 
Thisis then titrated with sodium earhonate exactly as described in section 
3, p. 40, and diluted to exact streiigtli. 

7. Normal Alkali Hydroxides (Caustic Soda or Potash). 

40i)08 gm. NallO or 50-108 gin. KHO per litre. 

hire sodium hydroxide made from metallie sodium mav now be 
remlily olitaiiied in eoinimuve, and also powdered eaii'^tie soda of !)8-09 
per emit, purity, and n >fandard -^011111011 may be prepanai Iroiii either 
of thes(‘. W(‘igli out vtpi<ll,\' aliout 42 gm.; di';sol\c 111 watiw, make* 
lip to a litre, and po.ir'into the stock botfhv When unite cold till a 
llUl•^tte witli the solution and titrate's\itii 20 e.e. of normal siilphiirii- 
fieiil to uliieh a <li\,*p or two of methyl orange has been added. Tiie 
solution will lie slightiv strong ami should he carefully adjusted by add¬ 
ing water til! of correct strength. The final adjuslmcnt sjionld l,e made 
by running it into 25 c.i*. ol normal acid. To make normal potassium 
hydroxide weigli out 58 gm. for a litre. 

However pure caustic soda or potash mav otlierwi^' l>e, they an* both 
in danger of at'sorhing eart)onie acid, and hence in using litmus or 
phiuiolphihalein the titration musi he conducted with boiling. Mellivl 
oraiigi* permits the use of these .s'diitions at ordinary temperature not- 
wittistamling the pre->em-e of OtT. 

Sodium and i)ot;issiiim li\dro\id(‘s may imw hotli is* ol»tained in com¬ 
merce siifficientl} pure for all ordinary titralion purpose's, ami their 
solutions mav lie freed from traces of elilorm.', sulphiirie, siln-ie. and 
(;arl)nnic acids, liy sliaking with Millon’s h.-w, trinicrcur-amnioiuum.' 
Oarlioiiie acid mav also lie removeil hv llic ca.iitious addition of hariiim 
Ipv'lrale in snlutinii, shaking well, and then a,tier s(‘Hling asc(M-jaining 
the exact strength ol the clear liijiiid with correct staiidan) a<-id. 

Jn preparing tlie><‘ ;ilkah snliifioiis they shoutii (!\|»osed a,s liitle as 
possible, to th<‘ air and, w hen (he strength is (iiia,tiy delermiiied, should 
he preseiwed in a 1 oltlc similar to that shown in fig. J2 or in full bottles 
having their glass stopjiers slightly gnxised with vaseline. 

8. Semi-normal Aiimonia. 

8-517 giv. Nyj.i per litre. 

Tills strength of stamlard amiiioma is u.^eful for saturation analyses 
in some, eases; it is cleanly, liois not ri'adily ahsorh earhoiiic aciil, holds 
its strcngtli well when k<‘pt 111 a cool place and well stojipered, hut is 
liable to devidop floeculent growths. Il may, liow-iwer, he prefiai-eil in a 
few mimite.s liy simply diluting strong )i<|iml aniAiionia vvilli freshly dis¬ 
tilled water. An approximate solution may be made witli about ?8 e.e. 
of '880 amnmnia to the litre. 


^ c. A'., 42, 8. 
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A normal sohi^ion cannot ho used with safely,'owin'? to evaporation 
of tlie gas aA ordinary temperatures.' ^ 

Decinorma! Bariqm Hydroxide. 

8-5fi!)3 gin. Iia{()lf)j per litre. 

% 

This solution is best made from the erystailized li^dro\!de approxi¬ 
mately of “/lo strength, il'liis is done by shaking up yi a stoppered 
bottle powdered crystals of barium hydroxide with ilistilled water, 
and allowing it to stand a day or two until quite clear, I’lieTe should 
bo an excess of the liydrate, in which ease the clear solution, when 
poured off into a stock botth* fitted with a luhe In pnwent the entrance 
of CO.j (see lig. 22 p. 23), wdl be nearly twie(‘ ilu! required strength. It is 
hettm’ to dilute still further (after taking its approymate stnmgth with 
**/io HCi and jihenolphthalein) wUli freslily boiliMl and cooled distilled 
water; tin* actual working stri'iigtli maybe eln^rked by eyajiorating 20 
or 2 o e.e. to dryings with a slight (‘\eess of snipinirie acid, then igniting 
over a Bunsen Hann* and weighing tin* KaSbb, The corresponding iici<l 
may he eitlier ”/io oxalic, nitric, or hydrochloric, and the ]n’opor indica- 
lor is ])henoIj)htha!cin. Oxalic acid is recommended bv Pc 11 e u k o f e r 
for earhtinic acid dctenuinalion because, it has no etfoct upon the barium 
carbonate suspmuied in weak solutions; but then* is the serious draw¬ 
back with oxalic acid tli;i,t in dilute solution it is iial»le to lose its 
strengili ; llierefon', if oxalic is used it slnnild be frc'-hly prepared 
from a normal solntiioi. 

TlnBbart\a solution is subioct to constant change by al)sorption of 
carbonic acid, but this iua\ \>o. jirevi-nted tea great extent by pn'serxing 
It in the betlle sli'Hvii in lig. 22. A thin layer of light petroleum oil 
on the surface of the liquid preserves the baryta at one stn*ngth fora 
lougjieriod in tin* botlh* shown in lig. 23. 

The reaction between baryta and yc'Ilow turmeric paper is y(‘ry deli¬ 
cate. so that the merest trace of baryta in exci'ss giyes a, deculed brown 
tingi* to I he edge of the spot made by a glass roil on the turmeric paper 
If tlie snbstance*to l*e titrati'd is not too highiv coloured, jilumol- 
phthalein should invarial>ly be used. 

I'ltlnsaium It'frtnohrU’, KHO.jO,, ll.jCM),, 211^0 (mol. wt. ‘ioATot)), is 
freijuently used as a basis for alkalimetry, j)lieno]phlhalein {or litmus) 
being the indicator. For stamlanliziiig ”/io Ba(()lJ )2 it is very usi'ful, 
gm. of the carefully pri'pared crystals, freed from moisiiiro by 
pressing between blotting paper, reqi^iriiig 20-51 c.c. of a liarium hydrox¬ 
ide solution <»f strictly decinormal strength. Thus, tht* equation • 
2(K1ICA, ITAOe + 3Ha{OH), K.,0A + 3Ba(!.,0, + 10 ir.O 
.shows that (254-150 x 2) - 508-312 gm. of the crystallized letroxalate 
reacts with (171 *380 x 3) = 514-158 gin. of lla.(()H).^: ur 0-25 gm. of 

the former would ro(|u}Ve 4 ~ 0*25287 gm. of the latter. 

*•- 

U!ftr II1 la (•/. K / , 1007, 26, ISO) gives a svnvs ol e,\|«'rinwiit3 proving that N/2 
ammonia rttains its strength with great eoiistancy umler varying hilwratory conditions. 
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And since 8-6693 t,'m. ot Uall-jO, arc [iresent in c.c. of tho deci- 
normal solution, 0‘25287 gm. corresponds to 29-61 c.c. » 

r 

10. Normal Ammonium-Copper Solution for Acetic Acid and Free 
Acids and Bases In Earthy and Metallic Solutions. 

Tliis aeiilimetric solution is prcpcarcil l)y dissolviiif? puro copper sul¬ 
phate in \vft.rni vvater, and addin^^ to tho oloar solution liquid ammonia 
until the l)luisjh-{?fO(‘n precipitate which lirst appears is nearly dissolved. 
The solution is then lilterod into tJie graduated cylinder, and titrated l>y 
allowing'dt to flow from a pii)ette grafiuated in l or c.e. into 10 or 20 
c.c. of normal sulphuric or nitric acid (not oxalic). While the acid n;- 
inains in excess, the lilni.^h-gri'en yirecipitate which is produced as ea45h 
dro|) falls into the a(ud rapidly disapyx'ari- ; hut so soon as tin; exact 
point of saturation .5;-Veacheil, the previously clear solution is rendered 
tn“hid by tho j)recipitat<‘ remaining insoluble in the neutral liquid. 

-The process is especially si'rvieeahle for the didermination of tho free 
a<'id existing in certain metallic solutions, i.e. mother-liquors, etc., 
wh<‘n* th<‘neutral compounds of siicli metals have an aidd reaction on 
litmus -Hiieli as the oxides of zine, copper, and magnesia, and tho prot¬ 
oxides of iron, manganese, cohall, ami nickel ; il. is also applicable 
to acetic and the mimu'al aeiils. 

If cupric nitrate be used for preparing the solution insi(;ad of sul¬ 
phate, the pn;seneR of tiarium, or strontium, or metals preeipilalde by 
sulphuric acid i'« of no 4'onscquence. 'Flic soiution is standardized liy 
normal nitrii; or sulpiinric aei<l; and as il slightly altoi's hy kei'ping, 
a coefficient must l*e found from time to lirni' hy titrating with normal 
acid, hy wliiiffi to calculate the results syslem.itieally. Oxides or car¬ 
bonates of magnesium, zine, or oilier admi^sil)le metals, are dissolved 
in excess of normal nitru; acid, and titrated iv'sidually with the copper 
solution. 

ExAMPrit;: 1 gni. of pure zinc oxido was dissolved in 27 c.c. of normal acid, 
and c.c. of normal copyxir solution rcfiuired to produce tho precipiiato - 24-7 
c.c. of acid ; this multiplied by 0-0407, the eooffieient for zinc oxide ^l-OOS gin. 

DETERMINATION OF THE ACTUAL STRENOTH OF STANDARD 
SOLUTIONS NOT STRICTLY NORMAL OR SYSTEMATIC. 

In discussing the preparation of the foregoing standard solutions it has 
been assumed that they shall he strii-tly and alisolutely corree,t; that is 
to say, if tfie same measiiri; ‘>0 Idled first with any alkaline solution, 
tifen with an acid solution, and tin; two mixe<i together, a yierfectly 
neutral solution shall result, so that a drop or two either way will upset 
the equilihrium. 

Where it is yiossihle to weigh directly a pure dry substance, this 
approximation may be very closely rca('hed. So<Uuni carbonate, for 
instance, admits of being thus accurately wei^red. On the other hand, 
the caustic alkalis cannot he so weighed, nor can tho liquid s^ios. An 
approximate quantity, therefore, of tlie.se substances must be taken, 
and the exact strcngtli of the solution found by experiment. 
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In titrating fiiHi solutions it is exceedingly difficult to make them 
so exact in Jltrengtli that equal volumes, to a drop or two, shajl neutralize 
eacfi other, fn technical niatters^a near approximation may be suffici¬ 
ent, but in scientific investigations it is of the greatest importance that 
tin? utmost accuracy should he obtaintVl; it is therefore advisable to 
ascertain the actual strength, and to mark it upon the vessels in which 
the solutions are kept, so that a sligiit calculation will give the ex^ict 
result. , * 

Suppose, for instance, that a normal solution of sulphurii* acid is 
Itcing made and that on titration with a weighed amount of sodium 
carbonate it is found to be not of exact strength. Suppose, fo? example, 
that I’ll gni. of sodium carbonate wei’e dissolved in water and on titra¬ 
tion r<M|uir(“(l IU>'I (‘.c. of tlu^ solution instead of :tr>’ 8 .oc.c. of a solution 
of strictly normal slrcngth. The solution ns(id is obviously slightly 

weak, and of ’' ' i)- 00 ;t noj-jual strength. O-IMlIi is the factor 

■)h'J • » 

))V vvhicli it is necessary to multiply the nnui}»*rof c^c. of that particular 
a,ci<l in onler to bring it to the norinai strength. 

Inal! circumstances it is saf<‘r to [n-ovo llie strength ol'cviu'v stan- 
daril >olution by experiment, e\cn thougli its active constitiumt has 
been accurately wcighe<l in the <lry an<I pun^ stale. 

Further, l(‘t us suppose that a solution of cansli<- soda is to 1 h* made 
from carbonate by means ot fn'sli Iiiik*. After pouring off the clear 
liquid, water IS addt‘(l lo llic scdiiiu'iil to extract more alkali solution; by 
this means we may obtain Iwo Milnlions, oiu' of which is stronger than 
necessary, and tlic other w<‘ak(‘r. Instead of mixing them in various pro¬ 
portions ami i‘i“pca,lc<lly trying Ihc* stnaiglli, wc may liiid, by two experi¬ 
ments and a cah'iilatioii, the proporti*>ns of each n<‘c(‘ssary to giv<‘ a 
tiormal soliifioii, thus: 

The exact actual strciiglli of each solution is (irst found liy separately 
running into It) c.c. of normal aci<l as miu-li of <«ich alkali solution as 
will (‘xacLiy iicutralizi* it. W’e liav(‘, lliini, in the <‘as«‘ of the stronger solu¬ 
tion, a numb<n-of c.c. retjuired less than lu. Let us call this number V. 

In th(‘ w(‘aker solution the luimher of <'.c. is grealer than 10, repre¬ 
sented by V. A \^)lun10 of tlie stronger solution ^ j will saturate 10 c.C‘. 
of normal acid as oftini as V is contained in r. 

A volnm<‘ of the weaki'r solution ^ >/ w'ill, in like manner, saturate 

^*^^^c.c. of normal acid : both together saturate ainl the volume 

V • V (' 

of the saturab^d aci<l is precisely that of the two li(iLii<ls, thus— 

10 * 10 ?/ * 

,r i ■ J. -t I/. 

V V 

Wheti<‘.e 10(’.r h lOV.i/ Vr/ -t- Vr// 

, 7«{10 - V) Vi/(v - JO). 

And lastly, i 

.r ^ V(e + 10 ) 

1/ i?no - vv 
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♦ • 

An example will'ivndor this clear. A solntion caustic sexia was 
taken, of vyhich r >'8 c.c. were recinired to saturate 10 c.e. olfuormal acid; 
of another solution, 12*7 c.c. wore required, d’he volumes of each neces¬ 
sary to form a norma! solution were found as foliowi^: — 

5-8 (12-7-10) irrOG 
12-7 (10 - 5-8) - r):t-84 

Therefore, ifilie solutions arc mixed in the proportion of 15'0fi c.c. of 
the stronger‘'witii o:u:i4 c.c. of the weaker, a correct solution ought to 
result, t^’ho same priucifilc of adjustment i^^, of course, api>licahle to 
standanl solutions of every class. 

ExAMi’Li;: Sufipose tlia* 1 litre of norniai soda wen* re(|Uit'ed. Since 
ir>*0(» + 53'04 - 00 it i^ clear I hat the fraction of th<* stnmgi'r solution to 
be taken is, in all east".', 

IfrOO 1500 52^' , , *i i • . ■ 

or or; and to irel l0(K* c.c. the volnriic nviuiivd is 

.522 X .5220 

2300 ■ 23 


which has to he mixed witii 1000 - 227 773 c.(‘. of tlie weaker solution. 

Again: siip|>os<‘ Dial a standanl solution of sulplmricacid lias been 
made approximating as mvirly as possible t<» the normal strength, and 
its e.xaet vahn- found by titration with sodium carbonate (or a standard 
liydrochlorie aei<l with silver nil rati*), and that sucli a solution lias been 
eal(‘iiiate<l to nnjuire the eaetlicimit 0'0!).5 to eotivi'rf it to normal strength. 
By the help of this solution, though not strictly normal, we may tilrale 
an approximatelv normal alkali solution thus: -'Iwo trials of the aeiil 
and alkaline solution show tliat .5(i c.c. alkali • 48'5 c.c. a<'id having a 
coeffieient of ()-‘M).5 ^ 48’25 c.c. normal; tluni, according to the (‘i(uafion, 
50 f. - 48-25 is tlie re<|uire<l <- 0 (‘fIicient for the alkali, i.e. 


48-25 

.f — 

50 


o-o(;.5. 


And here, in the case of the alkali solution l>ping sodium carbonate, we 
can bring it to <*\aet normal strength by a calculation bascat on the 
equivalent weight of the salt, tlms— 

1 : 0-005 : : 53 : 5J -145. 


Tire dilferenee belweim the two hitler mimbors is I 855 gm., ami this 
weiglit of pure sodium carlionate, added to one. litre of the solution, will 
bring it to normal strengtli. 
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• • 

TABLE FOR THE SYSTEMATIC ANALYSIS'OF ALKALIS, 

• ALKALINE EARTHS AND ACIDS. , 


♦_ 


• 



Quantity (o be 


Hulistauce. 

Formula. 

Molecular 

Weight. 

Wfiglied so that 1 
C.O. Normal Solu¬ 
tion - 1 i>er cent 

Normal 

Factor.’ 

• 




ol Hulxstance. • 

f 





• 

gninis. 


Sodiiiin Oxide 

Na.,0 

(12 

:s*i 

t)*031 

Sodium Jlydioxidt* 

NaOir 

•lO-OOM 

4-0008 

0*a40008 

Sodium Ciirhonate 

Na„COt 

10(; 

h-H 

0*053 

Sodium Ibcarlioiiiitc . 

:^aK(k>, 

84-OOH 

H-4008 

0*084008 

I’otassiiiin Oxide. 

K.,() 

1)1-2 

* 4’' 

0*0471 

I'olassiuMi it^diuxide 

K()H , 


,vt;i 08 

0*05010^) 

I’olassiiim ('aibonate . 

Iv.CO, 


(eOl 

o-oooi 

I’otn'Siiiin Bicarbonate 

KiiCO,, 


10-4)108 

0*100108 

Aimiionui . 

NIT, 

J7‘034 

1 -7034 

()*()17034 

Oalrium Oxide (1 iime) 

CaO 

.5le07 

2-80Sb 

0*028035 

('nlcuuii ilydidxide 

Cafl..O. 

74-OH(! 

.S-704.S 

0-037043 

Cak'iuin Curluuiate 

CaCOo' 

10()-U7 

TrOOdb 

0*050035 

1‘amiin Hydroxide 

IbvlLO. 

171--{S(; 

8-5bi);) 

0-()H601)3 

1 ) 0 . (ef\'.st.) 

Iiall.0„HH„0 

di.v.bii 

1,5*7757 

0-157757 

Barium Oarlxmate 

BaCO, 

ii)7-;{7 

0-8086 

0-0081185 

Stroutiiim Oxide . 

SrO 

lod-cd 

5-1815 

0-051815 

Sironlium OarlMuiatc . 

SrC()., 

J47'()8 

7-381.5 

0-07381,6 

Magiio-iium Oxide 

MuO 

in-;)2 

2 -oir* 

0-02010 

Magiiosiiim (Jailvonato. 

MgCO. 

H4-:12 

l-2lli 

0‘0421G 

Nitru; Aeid . 

HNO, 

OS OlH 

)i-S0IH 

0-0(13018 

Hydroelilorie Acid 

IfCI 

sf; 4(;s 

s*(>i(;h 

0-030408 

Sulplmric Acid 

11,80, 

y8-()7(i 

4*')0SH 

0*049038 

Oxalic Aidd . • * • 

ll.,C.O„ ‘211,0 

12(i-01H 

(e;t02t 

0*003024 

Acetic Acid . 

C„H,()„ 

(i()-()S2 

i:-oos2 

0-000032 

'Vartaric Acid 


)50-()4H 

7*5024 

0*075024 

Citric Acid . 

C,ilM)7H..O 

210-081 

7*0027 

0-070027 

Carbonic Acid 

CO, 

44 


0 022 

Arscnious Oxide . 

AS,0,; 

» 

dll5-84 

i-m 

0*04948 


^ Ttiis i.H 11h‘ ( ooltir.iciit Itv whu-Ii tttc ini^ihcr^or c.r. ot iiontial siflutioii iHO'l in any 
aiialj'Hts IS to 1 k‘ iniiltijilictl iti onlcr to olitani t.lic amminl. of i»urf 3u)tstancc pirsent in Uie 
inatcnal (ixaiiiiiKsl. 


. THE TITRATION OF ALKALI SALTS. 

» 

I. Jotal Alkali in Caustic Soda or Potash, or Alkali Carbonates. 

Thk nccesKiiry <inantiiy of substance ))einft weighed or measured, as the 
case niay*be, and mixed with distilled water to a proper state of dilution 
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(say about one per'cent, of solid materia!), an appropriate indicator is 
added, and the solution is ready for the b\irett(*. Norm*l aei(i is then 
cautiously added till the change of .volour occurs. In the case of caustic 
alkalis free from 00 ^ tlie en<I-reactiou is very sharp with any of the 
indicators; but if CO.^ is present, the only availalde indicators in the 
cold are methyl orange and lacmoid [)aper. If any other indicator is 
,ms(h 1 , the CO 3 must Ix' expelled by boiling after eaclj addition of acid. 

In oxaminyig carbonale of [>otash or soda, or mixtures of (caustic 
and carbonate, wher*.- it is only necessary k ascertain the total alkalinity, 
the same metljod ai)plies. 

In Aie examination of samples of commendal reliinxl sndaor potasli 
salts, it is !uivisal)lo to proceial as follows: - 

Powder and mix the sample thorougldy, woigli 10 gm. m a platinum or 
porcelain crucible, and igoito gently over a spirit or gas lamp, and allow the 
crucible to cool undo., tlie exsiccator. Weigh again, tlic loss of weight gives tho 
moisture; wash the contents of tlie crubible into a beaker, dissolve and filter if 
necessary, and diUPe to the exact measure of •'lOO c.c. with distilled water; after 
mixing thoroughly, take out bO eo. ( - 1 gm.) of alkali with a pipette, transfer 
to a small flask, bring the flask niidor a burette containing normal acid and 
graduated to ? or c.c., and allow the acid to How i-aiitiousl_\ as before directed 
until the neutral point is roacln'd, Tho process may tlieii l>e repeated, in order 
to make certain of the correctness of Mio result. 

KekiduaI; Titration As the proseneo of earhoine aeid with litmus and the 
other indicators, except methyl orange, always leiid.s to make the exact ohd of 
the process doiilitfii), the dinieiiity is liest overcome (when methyl orange is not 
used) by adding a known excess of acid to the alkali, boiling to expel the (Mb, 
cooling, and then cautiously adding normal caustic alkali, drtip by drop, until the 
liquid suddenly changes colour; by deducting the quantity of caustic alkali from 
tlie quantity of acid originally used, tlie exact volume of aeid necessary to 
saturate tho 1 gm. of alkali is ascertained. 

Tliis metliod of n'^iduiil titration gives a very '•liar]) end-reaction, as 
there is no CO .3 present to interfere with the deliraev of the indicator. 
It is a procedure somctlnu's iK'cc'sary in other cases, owing to the inter¬ 
ference of impurities dis^ipated by boiling, e.g. H^S, whidi would other¬ 
wise bleacli the iiidieator, -(*\cei)t in the case oT methyl orange or 
lacmoid paper, either of winch is indiff<‘rent to ILS in the cold. An 
examjile will make the procedure clear; 

Exami'UK : 5()c.c. of the solution of alkali prepared as directed, equal to 1 gm. 
of the sample, are run into a flask, and '20 c.c. of normal acid added; it is then 
boiled and shaken till all 00^ is expelled, and normal ciui.stic alkali added till the 
neutral point is reached ; tho qukiUily retjiiircd i.s c.c., wliich deducted from 
20 c.c. of acid leaves IG-O c.c. Supjiosing the alkali to be soda, the percentage 
present in the sample is arrived at thus: 1 c.c. acid ^ O'Ofjl gm. Na/), 
16‘G X 0*031 = 0‘t)14G gm. Na^O in 1 gm. of the sample, or 51*46 per cent. If 
carbonate is being determined, the amount would be 10*() x 0‘053 x 1,00 = 87*98 
(say 88) per cent. * 

Tlie following methods of ascertaining the proportions of m'xed alkali 
hydroxides, monocarbonates, and bicartmnates must not be taken as 
absolutely correct, but arc correct enough for technical purposes 
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2 . Mixe|l Caustic and Carbonated Alkaii Salts. 

(ft) Precipllation of the Carbonate by Barium Chloride. I'he alkali 
salts of <'oiinnor(‘o often eonsist of inixiure of eaiistie and (*ari)onated 
alkali, ff it l>o deifired toaseertain the,pro()ortiotis in thes <5 n)ixt,iires, 
flic total alkalinity of a w(*ij,died or measured tjuantity of substane(' (not 
exeeeding 1 or 2 ^'ni.) is asc<‘rfaincd by normal acid and noted ; a like 
<|iiaritity is then dissolved in about 150 e.c. of liot water in,a 200 e.(t 
Mask and only as nuieli solution of barium oliloride add(^(>a,s is snftieient 
to remov<‘ all (X)o as exactly as possible, i.ix, addcai until no further 
pre(*ipiiate is p?*o<luce<l. The foilowiiift (‘tpiation then represents the 
exteiit of the naud ion : 

Na,00, + itaCl, - BaCO, +*:JNa(M 

and the titration of the snp(!»natant liquid or the (iltrab^ measures the 
alkalinity duo to oaustic; alkali only. g 

• ♦ 

If excess of haraim <-ldoridc be added Ba(OIl)., goes into solution in proportion 
e(|uivali!nt to tlio caustic alkali, tims • 

^NaOH (■ BaCl,, - BafOTr), + l^NaCl. 

In this ease, a.s Watson Smith' lias shown, a low result in caustic alkali is ob¬ 
tained owing to tlio ready earbonation of the harlum hydrate, whi<-h tlius escai)es 
titration. 

The flask is now filled up to the LN )0 c.c. mark wilh distilled water, 
securely stoppered, and sid asidi* to settle. When the supernatant 
lujuid is (dear, lake out 50 with a fiipeib', and titnite slowly with 
normal hydrocdilorie aeid. 'J’ln‘ number of e.e. used multiplied by 4 
will be tile quantity of ac-id rei[Liired for tlie caustic alkali in tlie 
original weight ol subsfaiiei'. Tb«‘ difi'erenee Indween the two titrations 
is ealenlat-ed ;is carbonate. Or, tlie precipitated barium carbonate may 
b<} thrown iifion a dry tiller, washed W(‘ll and quickly with boiling 
water, and titi^ited with normal acid, instead of the original deteniiina- 
tion of the total alkalinity, or both plans may he adopt(Ml so that one 
forms a cheek upon the other. 

Sorensen aiui A n d e rso n' have sliown that tliis metliod only 
giv<*s tnistworOiy results if the precipitation witli harinm chloride be 
carried out in the warmed solution, a.nd wlien the latter contains (idily 
normal carbonates. 

If tlio solution contains hydrolide or bicarbonate it must l)(i treated with 
hydrochloric acid or sodium hydroxide before heating and precipitating. The 
quantity of acid or hydroxide required is aAicrtained by a previous determination. 
When a solution of pure normal carbonate is treated, while hot, with an excess 
of barium chloride, only normal barium carbonate is precipitated; if, liowever, 
the precipitation bo pcirformed at tlie ordinary temperature, more or less acid 
carbonate is thrown down, and the supernatant liquid becomes distinctly alkaline. 
Further, if the solution of 'Jio alkali carbonate contains hydroxide, a greater or 
less quantity of basic barium carbonate is precipitated on treating the hot 
solution witli barium chloride. 


rf./. A’. <■/.,!, 85. 


0. 11108,17, 
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As barium liydroxidc solution absorbs CO-^ v’ory readily wliea ex¬ 
posed to the atmosphere, it is p?'eferable to allow the tfiireeipitate of 
barium earhouate to settle in the f|,:jsk as htue ileserilxal rather tlian 
to HIter the solution, eHj)e<'ial!y also as the filter obstyiahdy retains some 
barium hydroxide. 

A very slight error, however, oeeiirs in this method in eonsequenee 
0 / tlie volume of tlu; juxa-ipitate being ineliid<‘d in the liquid in the 
graduat(?d'flask^ I his (U’ror may lie obviated liy [u•(•eipitatlng a small 
volume of the solution willi banum chloride and titrating the Inpiid 
and prey.ipitate in the same vessel with normal i>x(ilic arlil and phenoi- 
plithalei'li, this acid having no a<'tion on tlu^ barium earlionab'. 

(Ji) Use of two Indicators. On til rating tlie cold solution (as near 
O'’ C. as possible) of mixed' hydroxide and earbonate (to wbieh 5 gm. of 
sodium ehlorid(^ base been added per od.e.c.) with normal acid and 
phenolphthalein, keeping tip of burette inum'rsed in the li(juid. the 
eqlotir of the indicator is discharged as soon as alt the hydroxide is 
neutralized and lialf the earhouate (hy conveisioti into lucarhonate). 
On adding nn'tliyf orange (at most two driqis) lo llie e(dourless solution 
and continuing tlie titration, the solution heeomes [link as soon jis the 
remaining lialf of the earhonabi is neutralized. If the lirsi addition 
of acid N c e., and tlie second n e.e., then N - n eorresponds to 
liydroxiiie. 2 n to carbonate, atid N -t- n to total alktdi. In cases wliere 
n is greater than N, there can be no hydroxide present, only carbonate 
and bicarbonate, and the calculation is made as in o (/>). 

'I'o ensure success in the determination it is ni*c<*ssarv lo prevent 
loss of CO;.. Hence a very dilute solution should he titrated, the acid 
should be run in from a bnretle having a long jet dipping into the 
liquid, and the lattm' simuld he contaim*d in a uarrow-moullied ves-ei 
whicli is kept in gentle motion without causing air-huhbU‘s, etc ‘ 


Nad^O., + irci . NaHCO, 4 - NaOl. 

'Fhe abov<‘ method is sufficiently acc urate for the determination of 
a small quantity of sodium carbonate in the presence of much sodium 
hydroxide, e.g. in caustic soda, but not of much carbonate wilii a small 
amount of hydroxide. The titration gives more <-orrect lesults if sodium 
chloride is added, the introduction of ions of tln^ same kind hindering 
the ionization of the sodium carbonate. A low ternjieniture acts in the 
same direction. 

«( 

3. Determination of Sodium or Potassium Hydroxide in presence 
of small prof>orfwns of Carbonate. 

This may be accomplished hy means of phenacetolin.- The alkaline 
solution is coloure<l a scarcely perceptihle yellow with a few drops of 
the indicator. Tlie standani acid is then run in until tlie yellow gives 
place to a pale rose tint; at this point all tlieeaystii^ alkali is saturated, 
and the volume of acid used is notc(l. Kurther addition of acid now 
intensifies this red colour until the carbonate is decomposed,** wlien a 


'C A. Seylor. C. .r,lS!q,70. LS? 
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deal'yellovj solution results. The neutralUatioii of the NalfO 
ur the KflO^is indicated hy a rose tint permanent on standing; that 
of XaX'Oj or K.j(X)., hy tlni sinhlen.nassago from red to yellov^. 

I’racth'e is recpiired with solutions of known composition to accustom 
ll)c (‘ve to tin' cluftiges of colour. I’hcnoiphthalcin may also he em- 
ploved for the same pnr|)os<‘ as follows : — 

Add iiorinal acid tolhecold alkaline solution till the red colour is 
(lisi-hargcd, taking care to U'?e a very dilute solution, and k^ej)ing tiTe 
|)oint of the hurettt* in tlu^ |i<juid so that no CO;, cscatlts. The colour 
is discharged wlam all the Jiydiaf»‘ has ln'en neutralized and the 
carhonatc converted into hicarbonatc ; the volume of acid is m^ted, and 
the solution healed to boiling, with small additions of acid, till the red 
colour produced by the dci'omposifion (»f the bicarbonate is finally 
destroyed. 

In both these methods it is profcrahh‘, nfler tlu^irst stage, to add ex¬ 
cess of a<*id, boil otl tii(^ CO„. and titrate'back with formal alkali. TIk' 
results are quite a- accuralo as lh(' inetloKl of |)recipitation with hariuiTi. 

• 

4 . Determination of small quantities of Sodium or Potassium 
Hydroxide in presence of Carbonates. 

A method, bv T h o m s o 11 , eousisis in pn'cipitatiiig the carbonates by 
neutral soliilion of Itannm chloride in tlie cold : hariiini earhonab' Ix'ing 
m'litral to phenolphiliaimn, this indicator can Ixf used for the process. 
When the haiiiim solution w added, a double decomposition lakes [dace, 
resulting in tiu' lormalion ol an inpiivaleiit quantity 'ff sodium or potas¬ 
sium chloride, while IIk^ hariuiu earhonab^ is prcciiiitab'd and IIh' alkali hy¬ 
drate n'lnaius in solution. 

Kxcmci-k (T lio in son). 2 gni, of pure sodium carbonate wore mixed in solu¬ 
tion with -02 gin. of sodium hydroxide ; excess of barium chloride was then added, 
together with the indicator, and the solution titrated with *^/io acid, of which in 
three trials an average of 5 c.i;. was retpnred ; therefore, 5 x '(XH = '02 gm.— 
exactly tlio quantity used. 

In this pldces^^clllol•idc^, sulphate'-, and siilphib's do not interfere; 
ni'itherdo pho^phab's, as bannm ])lio>phalc is neutral to Ihi' indicator. 
With sulphides, half of the base will be determiiK'd ; lull if hydrogen 
[•eroxide lie addl'd and tlie mixture allovvcil to rest for a time, tiie sulphides 
are oxidized bi sulphates, which have no elleet. If silicates or aluminates 
of alkali are present, the liase wil of eoursi' be reeordi'il as liydroxide. 

T h o m K o ji fiirthi'r slates;— 

“ The foregoing method can also b(*app*lied to the determination of tlie 
liydrate of siHlium or potassium in various other compounds, which give 
precipitates witli hariuin chloride neutral to phenolphthalein, such as the 
normal sulphites and [iliosphatos of the alkali metals. An illustration of 
the use to which the facts stab'd in this and former papers may lie put will 
be found in the analysis ftf sodium sulphite. Of course sulphate, tliiosul- 
phate, fin^ chloridi* are (h'ternuned as usual, but to di'terinino sulphite, 
ca^bonat(^ and hydrati', or sixhuin bicarbonate, by methods in ordinary use 
is rather a^eilious operation. To find the proportion»()f hydroxide,all that 
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is necessary is to precipitate with barium chloride and titrate with standai*d 
acid, as above described. Tlieii, by simple titration of aiiotl^pr portion of 
the sample in tin* cold, usinjf pheiiolplitlialein as indicator, the hydroxide 
and half of the carbonate can bcf foilnd, and, finally, by employment of 
methyl oranj^e as indicator, and further a<ldition of acM, the other half of 
the carbonate and half of the sulpliite can be determined. By simple eal- 
cnlations, tin; rcsp(‘ctive proportions of tlu'^c tlina* com[)oiin(ls caii b«‘ ob¬ 
tained, a reoult which can be accomplished in a few minutes. It must be 
borne in miml tlfat if a larj^e quantity of MHliupj <-arbonate ih in the sample 
the proportion'of lljat compound found will only be an approximation to 
tlie trutK, as the end-reaction is only delicate with small proportions of 
sodium carbonate.” 

5. Determination of Alkali Carbonate and Bicarbonate in the presence 
« of each other. 

« 

‘‘(a) The total alkali is first deternfined in one portion of the solution 
by titration witli stsmlard acid and mctliyl orange. To another portion a 
measured volume of staiulard so<linm )iydro\id(‘(lrco from CO^) is add(‘d, 
to convert tlic lucarbonate to carbonates Tlx! soelimn carbonate is then 
precipitated by barium cliloride an<i the excess of hydroxide <lcterinined 
by titration with stamlard acid as in paragra[)ii 2 (a). If N c.c. of norma) 
acid coiTCspoiid to tlu' lotal alkali, n c.c. of normal sodium hydroxide be 
added, and n' c.c. normal acid corr(*s[iond to llii' cvess »»f the latter; tlien, 
n - n'c.c. - hicarl)onat(!, and N - (n -- n') c.c. - carbonate. If n N, 
thus eusuriii}; excess of iiydroxide, n' - <-arl)onate. 

(b) Use of two Indicators. - Titrating' with acid and piienolphthalcin 
to neutralization, then willi acid and methyl oranoe. as in para}^l•aph 2 
(b), the first addition of acid (n c.c.) corrcsjiuiids to half the carbonate, 
ami the s(*eond addition (N c.c.) to half the carlxuiate -f- the; total lucur- 
bonale. Thus 2 n - carbonate', and N - -n - bicarboimle. 

This method of titration can he usi'd for soda asli, etc., when carbonate 
and hydroxide or carbonate and bicarbonate occur in the same solution. 
[Of. par. 2 (h).] Should the amount of acid used be greater with 
pheuolphthalein tiiari with methyl orange, NaOH is shown to bii ))rescnt, 
but if gi'cater with methyl orange, then bicarbonate is present, and calcu¬ 
lations for carbonate ami liydrati', or carlumate and liicarlxinato, arc made 
in thb usual way. 

6. Determination of Alkalis in the^ presence of Sulphites. 

It is not possible to dctermiiu' tlij^,alkali compounds in the presence of 
sulphites by titration with aci<ls, as a certain quantity of acul is taken up 
by the sulphite, SO^ Ix'ing evnlv'ed. 'I’liis difficulty may be eonqilelely 
overcome by the aid of liydrogi'ii peroxide, which .speedily convmts the 
sulphites int(» sulphates.’ Tlu'si* oi>erators proved that m'ithi'r eaustic 
nor carbonatcxl alkali was aflected l>y noi' h^id tlie latter any preju¬ 
dicial effect on methyl orangi^ in the cold. The (piantity of 1!.^^ rei^iiired 
in any given analysis must depend on the amount of sulpliite ^jresent; 

•Giraiit ami Colieii, S. A, 1-S90, 9,19. 
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for instance, the cjuistic salts of (iomnierco contain*about oO per cent, of 
sulphite, aii'i it suffices to take 10 c.c. of ordinary 10 vol. ILOo for every 
O'l gni. of lliH salts in solution. the case of mixtures containing less 
or more sulphite t^e <]uantity may be varied. 

Method of Procedure: A measured volume'of the peroxide i.s run 
into a beaker, and throe or four drops of imdliyi orange iulded. As the 
II,p,. is invariably faintly acid, the acidity is can'fully corrected by adiliiig 
drop by drop from a pi[)ette caustic soda. The reqiyn'd ^(uantity of 
salt to b(* aiialys<‘(l is tlicn»add(‘d in solution, and the ijiixturc gi'iitiy 
boiled, wlicrcby tlie nu'lhyl orange'will he bleached. Tlielujuid is then 
coal('<l, a drop or two more of methyl orange added, ami the titfation for 
the proporlioii of alkali carried out with normal acid. 'I’lic n'sults are 
vi’iy .satisfactmy. 

7. Determination of Caustic Soda or Potash b/s^andard Potassium 

Dichfomate. , 

This process, or ra,t}i('r the inv(U‘s(^ of it, was dcvise«l by It i c h t e r, for 
(letcrmmingdichromate with causlicalkali by the .-Lid of phenidphthalian. 
M\act D'siiils may Ixrohlained hv it in titratings(i<la or potash as hydrate, 
but not ammonia, as rec<unmcndi'd liy Ri c h t c r. 

loir th<‘ )ir<ic(*ss then' aie re<pured a,dc<'inornui! solution of !>icarl)Onaic 
containing U-72 giii per Hire, and **/io soda or pota,sli solution titrated 
against sulphuric aci<|. A copiparison iir|uid containing afioiit J gm. of 
potassium chromate 111 150-2<M) c c. wah'r is advisalile f<iras('ertaimng the 
exact end of tlic reaction ; 50 r.r. of tlie alkali, having been dihitcd with 
the sanu^ volumi' of water, is coloured with piienolphthalein, and the 
dichromat(! run in from a I nrette; the tine re<l tint clnuigi's to reddish 
yellow, which remains till tlu^ nciitra.1 point is nearly reaclu'd, when the 
yellow colour of the chromate is prodiua'd, Tlu* <'hange is not instant¬ 
aneous, as with mineral acids, so that a little time must Ik* allowed for 
tlio true colour lo declai'e itself. 

8. Direct Determination of Sodium by Potassium Dihydroxytartaric 

and Permanganate. 

An interesting sorh's of researcluis on the oxidation products of tar¬ 
taric acid has been published by II. .1. II o rs t m a n K e n t o 11 , M.A.' *The 
results of thes(* rc.sc'an'hcs have been to diwi'lop the only method of 
obtaining sodium in such a fojin of comJiiiiation as to admit of its volu¬ 
metric <l(‘terniinatioii. Tlie author has kindly furnished me with sj)eei- 
mens of (iiliydroxytartaric acid, an<^ al:*o of the iiotassium salt, witli 
which to v(',rify the results oblaim'<l by him, and ! am al>lo to state that 
wlien the method is carried out with exlrenu' care and stri<-t attention to 
details it is capable of giving satisfactory results. 

ibhytlroxytartaric acid, so far as present knowledge is conci'rnod, is 
best prepared from dih^droxymaleic acid, and as Ijoth tlu'se acids are 
comp;yativ<!ly unknown their preparation will now be descrilM^d. 

.S’. Twks., 18!M, pp. 899-910, 1898, pp. 71-81, /W. 472-182, an.l oti the vol- 
nmetrie (lelejiiiiiJAtion of soiliiim, 1898, pp. 187-174. • 
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Preparation of Djhydroxymafeic Acid.— Tartaric amd is dissolved in the 
least possible quantity of hot water; reducediron {fernim ledactmti^ is added, and 
the liquid boiled until all the iron has disj|.ppcarcd. The quantity of iron must be 
insufheient to cause a separation of ferrous tartrate wlien the action is finished ; 
about .jJij part of the weight of tartaric acid employed answers well, l»iit the final 
result does not appear to be much mlluenced by the proportion of iron in solu¬ 
tion. at any rate within cousideiable lirnith. The solution, filtered, if necessary, 
trtfougli cotton wool, i.s carefully cooled, surroimdod by ice, and hydrogen peroxide 
(20 volume) addei'.Mn small qtianrities at a time, allowing a few niimites to elapse 
between eacli addition. The first portajiis of tftie peroxide merely produce a 
yellowisl ^colour, but, as the action proceeds, each addition produces a dark groou 
or nearly black appearance, transient at fiist, but bcconmig more and more per¬ 
sistent, Wlien this dark colour remains for two or three minutes, it is a rough 
indication lliat suflionmt peroxide lias lieen added, (ireat care must lie taken not 
to add an excess of tlio peroxide, nr tlio wliole x)f the material will bo wasted. 
Nordhausen sulphuric ai id is now added by mean.s of a thistle (umiel. drawn out 
to a fine point, in very small (luaiitities at a time, cooling carefiillv between each 
addition, preferably by ice and salt. The quaiitily added is a matter of impov- 
tauee, too much or t.jo little giving an iiidillcrcnl vield of the substance; the best 
proportion is found by expenom e to be alaait ,',itii of the total volume of tlie liquid 
operated on. The mixture, .still .surrounded liy lec, is put aside in a cold place, 
and after a few liours crystals begin to form. The first deposit Is often di.seolourcd 
and tlie crystals .small, Imt tlie subserpient crops are beaiitifiillv white and pure. 
If the experiment is ))ro|)erly conducted, and the liquid kept snliiciently cool, 
crystalscouliniie to form for .several days, Imt tlic greater pai t are dcjio.sited within 
alioiit 24 ht)urs. ‘‘ 

The crystals arc collected with l.lic aid of a pump, carefully drained, and 
Washed repeatedly with small rpiantitics of (-old water. Aftei again thoroughly 
draining, they are spiead on ti!ter-])aper and air-dried, Tliey appear to undergo 
no change m tlie air, even aftor.scveial weeks' exposure 

Preparation of Dihydroxytartaric Acid.--Crystallixod diliydroxymaleic 
acid as aliove ilescnhed 2H._,()) is well triturated with from -t to times its 

weiglit of glacial acetic acid, and rather more than the calculated quantity of bro¬ 
mine (1 mol acid to 1 mol. bromine) dissolved m a little glacial acetic acid, is 
added to the mixture in small portions at a time. Tlie first portions are almost 
instantly bleached, hut the action afterwards licconies more sluggish and ap¬ 
parently ceases. A few drops of water are then lukhal, whereupon thi' colour of 
the iiromine is again immediately discliarged. The audition of hroinmo is con¬ 
tinued luitii the colour is tjiiite jicrmaiiont on standing, even wlnm a drop or two 
of w'Ater is added. This final stage is leaclied wlien the bromine has byen added 
in about tlie calculated proportion ; fumes<)f h\drogcn bromide are freely evolved 
during tho ojicration. T'bediliydroxymaleic acid is nearly insoluble in cohl glacial 
acetic acid, but when tlie oxidation hnislVed imniplete solnliou takes place. 
The solution is allowed to stand for an lionr or two and tlicn vigorously stirred, 
when the dihydroxytartaric acid qiiickt)* sometimes suddenly, separatc.sasa heavy, 
wliitc, cystalline powder. 

The product is now e<jl]ectcd and drained with the aid of a pump, washed once 
or twice with small quantitic.s of anliydrous ether, and kept in a vaciimn desic¬ 
cator over solid potash and sulphuric acid to remove tlie last traces of hydro- 
bromic and acetic acids, bromine and ci-lier. Tboyi«i]dof piirifio*! product thus 
obtained is 70 per cent, or more of the tlieorctical. Tho formula for tfiii^acid is 
iWU. 
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The aind just <ilscrihe<l was Hist studied in relation to [lotassinni per¬ 
manganate !♦ F<!n ton, and Iho reaction foiimt to he (|uitc <le|^niL(‘; and 
Ix'aring in mind tli<' very spariiii^dy s*»iuhlt‘character of sodium dihydrox'v- 
lartrato it appearediprohalili' tiuit a simph* volum<‘tric m<*thod for sodium 
ini'dit he ilovised. For complete precipitation it is necessary tliat the 
fiei' acid sliall he exactly neutralized, and tiiis is most conveniently 
c(l(*ctcd hv tiist preparing tlu' normal potassium salt. The eyiploymefit 
of this salt as precipitant lia^ also (lie advauta;-e that n•lv is a,voided of 
the precipitation of potassiftm with tiic sodium salt wlmi the former 
nu'tal is presi'ut m the mi\Un“<' analysed. f 

Preparation of Potassium DlhyUroxytartrate. Weigli efiuivaleui pro- 
portions of the acid 1^2. and dry potassium caibonate IdH parls. Dissolve 
scjiariilcly in tlio l«‘ast possilde (juantity of icc-cold waLi^r, then mix in a vessel 
surrninided hy an<l stir. Crystals soon separate, wliudi^nay then be eoDected 
on a filter, and fiiia)l\ dried on ehanges^jf filler-paj>er in theairorin adesiceat#r. 
Tlie salt so obtained docs not, !io\vo\cr, keep in projier condition for more than a 
few days, and iberefore it is hotter to prepare it specially sodium deternnna- 
tioiis have to lie made. Tin* formula of the salt is i\.,((hll^i ,0. 

Standardizing the Pernianjfanate Solution. In tins melliod of titrating 
soda it is preferahle to .sLandardi/e the perinanganali- ipion pure .sodium clilonde 
latln'r than (o dcj>eiid oii the relations between the acnl and peimangivnate. The 
strcngtli of the latter sotiition is host about ^/j, i.e. 0 diil gm. of J\Mii(), to the 
litre. Its slrcngth as regaids tlie .sodium to be detcrmiiiod is a->ccrtained by tlie 
following pifxcdiire', iKi.iring m mind that exactly the same [)roc(!ss in esmy 
respect must he earned out in (lelennmiiig sodium in any given salt. 

Mici'inm ov I'uncKuviU''. .Miout 0‘2 gm. of puie sodimn ! hlondc is aeciaately 
weighed and di.ssoh-'d in a small Ix'akor witli the Jea.st po.ssililo (|iianiity of water, 
then placed in a basin and surrcinndcd by ice. 'I'liou an excess, say 0‘S gm. of 
the potassimii salt is weiglied and di.ssohcd in another small beiikei’, witli not 
more tlian 25 c.c. of lee.eold water, placial in lee and stiri'ed till dissohiid ; tins 
orciir.s with .some diDiculty, but if tlie liquid is not free from Hoating [lartieles or 
deposit. It must lie qniekly tillered into Mie sodium solution still standing m ice. 
The mixture is then allowed to stand in ice for half an Ikmii- with occasional 
.sluring. The pi'eeipitated sodium .salM.s then collocted by means ol a small iiiter 
on filter plate and quickly draine.l with tlie water pump, then washed with dor 
1 c.e. of lec-eold water three or four times in .succession, and I'insing out the 
proeipitatnig beaker. Finally, tlie piocipitate is dis.soIved llirougli tlie filter in a 
large exce.ss of dilute H..S(h, rinsing out the precijntating bi'akcr with dilute acid 
i'l the process, and titrated witli the [lermangaiiate at ordinary temperature. 
The action on the permanganate is at first very slow, but wlieii once coimneuced 
mereasos in foi'ce like tlie action o? oxalic acid, and the end is quilt; distinct. 
The volmno of peinianganatc having been Rioted, its working strength m relation 
to sodium in any availablo compound is ascertained, and marked on the I'ottlc. 

Fxamvlk —.)'2l gm, of pure NaCl was treated strictly aceoiding to Mm pro¬ 
cedure just (lo.scrihcd, and retpiircd ’18‘3 c.e. of permauganato, not strictly 
hut about tliat strength. The same woiglit of the same NaCl was then taken 
witli abouUthe same quantity of pure KCl in the same manner. The volume of 
permanganate used was l.S't^c.e, Taking into account the large volume of per- 
mangainyic required for so small a (juantity of sodium the difference was infimt- 
csinial as r^ards the amount of sodium found. J’ractiee uiidoulitctlly renders 
the results more certain if exactly the same conditions aje obseivod, more es¬ 
pecially in kiftping the temperature down to as near 0° as jiosaiblc. 



68 


DETKKMINATION OF POTASSIUM. 


Tlio procpss woniR com[)li(*ated, but wiion once tfie cooling' arrangc;- 
ments are^atisfiictoriiy made it becomes very simpb*, and if tlieroareu 
sci'ios of sodium deterniinations to bteinadc, such as the alkali eliloridos in 
mineral water nsidues, etc., it* is far more rapid, and }-'rol>ably mor(‘ exa<!t, 
tlian the determination of tlie potassium by platinum, and calculatinff the 
sodium by diffcuenco. 

' It niust be noted that the nmthod is not avaiia])le, so far as is known, 
in the presencciof metals other than sodium, potassium, and magnesium. 
Ammonium 4 'hould he nunoved, and bora.< eannot accurately be ex- 
amined^.for its sodium. The nedal^ shouM preferahly lx* present as 
clilorid(‘«, sulphates, or nitrates; carbonates and hydroxhks of sodium 
must be neutralized exactly vvitli one of tiie mineral acids. 

g. Determination o' Potassium by means of Sodium Cobaltinitrite. 

4 Hodium colciitinitrite [Na,('o tNO.j},,] nmler the nann* of de 
K o ni ngh’s reagent has long been known as a valuahle (piahtativa* test 
for p )tassiiini, with solutions of which it gives a (‘anary*yellow})re(*ipitate. 
its use for thc! <juantitative dcderniiiiation of potassium, both gravime.fcric- 
allv and voliimetrically, has been invcsligate<i by A die' who, on addiiiga 
SI. hit ion of sodium eobalt initiate tea potassium salt, ohiained a compound 
to winch he gave the forimila K ,Na(,’o The amount of K/) in 

thc [)recipitat(‘ may be found bv means of a itecinoi inal solution of [ler- 
manganate. 0 u n n i n gli a ni aii<l I’c r k i n - have siiowii, however, that 
the precipitate may be a mixture of the tri- and di-potassuirn sails, K.,Co 
(N().j),j and K.wNado (NO,j,., and emphasize the dilHcutty, also refmaed to 
by Adie, of washing (he preeipitate so as to obtain a clear tiitrate. The 
constitution of the precipitate is sliown to depend on whether the sodium 
cobaltinitrite or the potassium salt is in exi-oss. Ifenn' the autliors con¬ 
sider that this nu'thod cannot be recommended for the analysis of po¬ 
tassium or < compounds. 

J. I). .Ta r rel 1,^ after an exaniiiial.ion of the method, found that it ga,vc 
results about '2 pin* cent, ton low as compare<l with those obtained by (he 
platinum chloride method. The results of deierminatious on potassium 
chloride ami on mixed fertilizers were very erratic; hence he considers 
thc method in its present form unreliahle. 

•Sodium cobaltinitrite is madi^ as follows * : — 

Dissolve aOgni. of cobalt nitrate and WOgm. of sodium nitrite in water, 
acidify by the addition of 25 c.c. of glacial acetic acid, aii<l dilute to one 
litre. Allow to stand for 24 hours and /liter. The solution is tlien ready 
for use. ^ 

10. Titration of Alkali Saits of Organic Acids. 

The following salts of organic acids yield alkali carbonate on ignition. 
Wlien the latter, in ai]ucous solution, is titrated ’vitli normal acid, the 

('. X, ](I00, 77, 1070; see also \V. A. Drii.sliel; Z. A. 1007*.' 86, 223, 
11)08, 89, 97‘. Andh/i^t, 1008, 33, 35 and 378 

A’, 11)09, 88* 1502. A 0. >1. r’. 191.5,1, 29. 

^ A, II. 11)10, 41, ]()C. * 
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iiiinibor of (m% usid multiplied l)y tlie factor tabuUitod below gives the 
weight of th£#i:oiTe.spondiug salt. ^ 


• 

i Name ot Salt. 


Formula. 

Normal 

Factor. 

fvogarithm. 

j Sodium acetate 

... 

. 

NaaH.,(\ Bir.o 

o-i.'!(;y7 

t 

•1-1.1.377 

1 ,, beuzoatc 

• 

Nadli.O., 

0d4404 

i-l.'>848 

1 „ salicylate 


Na 

0-IWX)4* 

1-20421 

' Potassium acetate 


K C.j 0., 

U-Ott8l2 

W.niii 

; ,, 1)1 tartrate 


KIICVIA 

0-18H14 

1-27448 

! ,, citrate 


K,,{vU.,0-. H,.() 

0-10H12 

i-OlHOl 

, ,, tartrate , 


2K,.C,U/),.. ir.o 

0-117(;2 

T-07018 

1 ,, and sodium tartrate 

KNaGjH.O,,. tU-.O 

. ()-14110 

• 

1-14951 


t 


• ff 

TECHNICAL EXAMINATION OF SOME ALKALI COMPOUNDS 
FOUND IN COMMERCK OR PRODUCED fN COURSE OF 
MANUFACTURE. 

Tlioio is now (■onsi<!cral)t(‘ uiianiitiity among English and fonngn 
mamilaoturers of alkali com pounds as to methods, of analysis to headojik'd 
(‘ither for guidanco in mamilacluro or for eotnmorcial valuation. 
I;U nge' has contributed important papers on the subpsM, also in con¬ 
junction with If 11 rte r in tln^ Alkali Muki’n llawdlunik - which contains 
valua))io tftbles and processes of analysis. So far as volumetric iindhods 
are conoorned, t'le same processes will lie gi\(Mi here, togetlier witli 
ulliers. 

• 

II. Soda Ash, Black Ash, Mother-liquors, etc. 

Soda A.sh or Refined Alkali. - o or 10 gm. are dissulvisl in about 150 
e.c. ot warm ilisfilli'd water, and any insoluble matter tillcretl ofl (Ch'rman 
chemists do not lilter), and tln‘ volunni dilnb'd to A or I litre. 

Tlie total alkali is determined iu oO e.c, liy norma! sulpliuric. nitrie, or 
hydrochloric acid, a> on page 00, i.' 

Tlic caast/c alkali prcsiuit in any .sample is dcb'rmined as on page 01, 2. 

The preseiic(* of sulphide is as<'<‘rlainc(i hy th<‘ smell of ,'.ul[»hureUed 
bydrog4'ii wIkmi the alkali is saturabsl with an aehl, or hy dipping paper 
st,e.‘p(‘d in sodium nitn)-prns.si<le into the solution : if tin* papertiirns blue 
or violet, sulphide is present. * 

The riiiantity of siiljihidf and Hulphih' may be d(‘teniiined by saturating 
a dilute solution of the alka.Ii with a slight exee.ss of aeetie acid, adding 
stareh, an<l titrating W'ith iodim* solution (ill the hlue eulour appears. 
Hh; quantity ot iodine r<'quire<l is the measure of the sulphuretted 
hydrogen and sulphurou.'j aeid present. 

' -A A', r. /., 1,12, l(},r..s,^2. 

^Ttiv ivT)rk now iipjH'ars in an cxtuinJud form uudor Itu* tilt' oi 'I’niniirdl ('hmids 
Handhonk ((ruriiuy jiml •lack'fon, PIOH). , 

■' 'I’lib giv.'s ii sliglit nrror, owing to traces of alummate of soda and bine, which con- 
suim* acid. • * 
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THK Tn'KATlON OJ’ ALKAM SAljTS. 


The proportion o\‘ sn/f/hidr i8 (leterniine*! as follower llT820^ni. of pure 
silver are tlis.^olvoii in nitric acid, 2r>() c.c. ainnionia (-880) ac'ded, and tJio 
solution made np !o a litre. Each c.o -- O-ODo j^mi. Na.S. 

,Mfc;TH<)i> OF JTocFDirjiK. —100 c.c. of the alkali litpior is heated to 
linilino some amin nua added, and llie silver solnfiun droj)ped in from a 
Iniretfe until no further precipitate of A^^.S is produced. Towards tlie 
(‘Fd, liltralion will ]»' necissary m onhu- to aseertain the evaet point, to 
which eii(ri{ea^«-’s (ilter is veivH-ealile. The amount of Na^S so found 
is (h'dneted trym tlie total sulplu<l{‘ and sulplMti* found liy iodine. 

Kodii^in tdiloridi- (common sail) may he detenniiu’d by «-a,refully neutral¬ 
izing I gm. ot the alkali with nilrie acid, and tihalmg with di'einonnal 
silver solution ami potassium eliromate. Each e.e, rei)resents0-(J0o84<l gm. 
ofeomnnm salt. Since the (piantity of acid lU'cessary to neutralize t)»e 
alkali has alreadv been found. l!ie [iropei' lueasuri* ol ^ mine acid mav 
a.t one(‘ he ad<led. , 

' Sodiinii tiidjduili' is determined eklier directly or indirectly, as under 
.Sulpiiurie .\ei<l. Ivaeli e.e. of normal harium chloride is equal |o 0 071 
gm. of dry sodjiinfsiiipliaie. 

Black Ash. —Digf'si 50 gm. with warm water in a half-litre Hask, till np 
to mark, shake, and allow to stand till settled. 

(1) T'd(d oMot/e.xisliiig as earhonate, hydrate, ami sulphide, is toiind 
liy titrating 10 c e. of ttie clear li<(uid 1 gm. of ash) witii standard acid 
and im'flivl orangt* in the cold. 

(2) ('(liishi- Sodii. -20 e.e. of the liquid are put into a HHte.e. Mask with 
lOe.e. of solution of hariuin chloride of 10 per cent, strength, tilled up 
will) hot water, well shaken, and corked after si'iHmg a few minutes. 
The e!arili'‘<l lejiiid is tillered, and .‘iOee. (-- I gm. ash), titrated with 
standard aei<l and metli\ 1 orange or il may he l!trate<l w itlioiU liltralion 
if ■'tandard oxahe acid and pticmdplithaiein arc us(‘d, this acid having no 
cftecl on tlic ha,riiim cailionate. Each c.c. normal acid • 0-()81 Na.O. 
This includes s(|i|,hides. 

5. !<o<(ii(iii Sitljihidr. ~ Pul 10 of liquor info a Mask, acidulate witli 
acetic acid, dilute to ahoiit 200 e e. and titrate \\ itli *^/io iodine and starch. 
Each e.e. - (HHi;WNa.,S, orO-Otr.l Na.,(). 

4. iSoditnn ('hlorhU'. -10 e.e. an' neutralized exacilv with normal nitric 
aei<t, ami lioiled till ail H.j8 is r('moved. Any siilplmr which may liavc 
bech precipitated is tiltered oil, and the lillrate titrat<‘<l with *^/io silvm' 
and eliromate. Each e.e ^ 0‘005840gni. Na(M. 

5. SoilfHiii .8c//d(o/e.—This is best determined by )ireeipitation as 
barium sulphate, and weighing, the ipiantity btuiig small. If, however, 
voliinn'trie <!elermiiiafion is di^sin'd, if may be done as uiui<u“ .Sulphuric 
Aeid, taking 50 e.e. of liquor. 

Km‘oilier met}io<is of ('\aniining the various solid and iiiinid alkali 
wastes usf'd foi' soda and sulpluir re<-overy, etc., the reader is referretl to 
the Tf'chiiical ('liciriis-ts' //aatZ/jco/.-already meiitione<i. 

12. Salt Cake. 

This is Ihe somewhat impure sodium sulphate used in alkJi manu¬ 
facture or I(*ri in tin; retorts in javparing hydroeliloric acid from sul* 
pliuric acid and salt. 
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h're^. acid is (iot^^ruiinod by dissolving 20 gni. of tlie sanijilo, diluting to 
2 , ‘>0 tfilu^g uiitoOo.c. (= 4gnj. snltoako) uitli apipotto, adding methyl 

orang'?, and titrating with standai'<^sodiinn carbonate*. The fotal acidity 
IS calcnlat<‘d as SO„ including K(M :uul NaHSO,. 

Tlie ceoaajoa .sYt/t present is dclm’inined by decinorma! si]\er solution 
and potassium chromate, ha\iiig first saturated the free acid with pun* 
sodium earl)ona((‘; 1 c.c. silver soinlion isetpial to 0-005H4d gm. of salt, 
Snlphnrie'aciel, e'oiiibiinvl with soda, is determined ejtluM* din*<‘( ly or 
iiidirei'tlv as under Snlplm^ie Aeal; 1 e.e. ot normal barium solution is 
e.pial to 0 071 gm. of <lry sixlium snlpliate. 

froii I" |)ri'cipitated from a filte-red sidulion of Ihe.-alt eakef\ith am-* 
nionia in excess, the preMopitale* «if terrie* tiydrate* re-dissolved in sulphuric 
acid, red need to tlic ferrous state* with /.me and titrateil u ith perman¬ 
ganate. 


13.^ Soap. ^ 

Tin* following is .a irsmuc of tin* meihoilsgiven fortjn* nnalysisof soaps 
bv L<‘ w Ic o w 11, sc h : ‘ 

(1) Wdt.r. d'his is usiiaJlv found by dilleren--e. The sum of tin* por- 
l•elltag<‘s of tatty anhvdrnles a.nd alkali in its various forms subtraeted 
from 100 gives tin’ water. l'’ordireei <|et(*niinmtion in excoptional eases 
about 0 gm. -cari'fiilly taken from the centre of a cake bv euttingaway 
all the outer poi-tioiis -iti thin slia\ ings an’pul into a porcelain dish and 
weighed with a glass rod, u lin li is UM*d In mi time to lime to break the 
'km tha.t form.' on <lrviiig atnl prc\eitt> the oM-ape of u.afor Irom tin* inner 
portions. |)r\ at 100" I ill of <’oiislanl weight. 

(2) Ftitlji Mailer aad Tiildl Mhih. \^'elglI acfuralely o-lO gm. ol the 
sample ainl dis-ulu-, with constant stirring, in Ina water in a beaker or 
porcelain di'h, liealmg gently. Add a few drops of methyl orange and 
aeniily with a known \olumeo) normal IK’I or ll._.S(b. Ileal with con¬ 
stant sliriing mild the separated fatly acids it,ive melted into oily drops. 
Adda known wi’igid (about b gm.'ot (|iw beeswax oi- paralliii wax. and 
heat again iiiilil the mixIuK'of fai(\ matter and wax a[t}K‘ars as .-i i-lear, 
traiisjiarenl layer on the siirfaec o| the iiipiid. Kenmve the stirrer, after 
rinsing with boding wal<‘r, heat till the fallv ma,tt(‘r again eotle<*ts into oik* 
mass, move the vessel Irom the sonree of heat and set aside in a cool 
place. The solid eaki* that forms on tin* surface is tlii’ii removc’d liy iiteans 
of a platinum spatula, rinsed wdh cold watc’rand jilaeed on tilter paper. 
Th(^ sid(‘s of till' M’ssel ai'<‘ea,r(* fclllVM •rapi’d amd the serapmg.sadded to the 
cake. Till* eakt^ is dried by touching lightly with filtei- p.ijier and placed 
bottom upwanls 011 a wafeb glass, •illowed to dry in a. di*si<'eator and 
weighed. Tin* w'eight thus obiained, less the wax a<ld(*<l, gives tin* 
■iiiaitrr. ff neutral fat, wax and uiisaponitiable matter are a,bsent, the n*- 
f^ull mav be i’(‘turned as /((thi acidx (rosin acids an* rega,nb’d as so much 
fatty a(ad.s). In a, <*()mplole analy.sis of a soaji the fatty acids are multi¬ 
plied by 0'hd7b and the*yalue so obtained relumed as fallji aulnidcidcs, 

^ lit* buffer form a diniet measure of the aetual amount of soap present. 

I’he i:ft*id liquid is filtered to remove tra<‘<-s of fatty aeulsiand titrated 

• and It.Il I'llitlOIl, vol. 111., |i. 2 .S 7 ,«'/ M'lf. 
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ANALYSIS OF SOAP. 


Itfick witli ** 2 soda oi’))otash. The total alkali thus ol)tainp<l is calculated 
to NugO in the case of hanl soa|)K and to K.jO in the case of soaps. 

(li) Frf.f emiftfio J)issolvc \\’<‘i<,''hed portion of llie soap 10-30 

gm. in hot ahsolutc aloolioi ari<l tilter. The alkaline ^Its remain on the 
filter anil the titration of the ak-oholic filtrate with •‘fio ilCI, using phonOl- 
phthalein as indicator, gives the result required. 

Should the alcoholic siilntion l)e acid, it must be titrated with 
alkali and tlie latter calculated to fire Jolt ji fidiin. (‘.vpri'ssed as oleic. 

“Salting O^ut” Method.' -lOgni. are wiMghed into a 2o0 c.c. wide- 
necked fhisk, oO c.c. of freshly hoi hid, hot distilled water added, the lla.sk 
i.s lightly^corked, and the whole heated ou a hot plate until the soap is 
di.ssolvcd. 50 tv. of a. hot salurateil solution of sodium sulphate is now 
added, the liquids thoroughly mixed Iw shaking, the eontonts of tlu' flask 
transferred to a narrow-mouthed separating fiiunel, aud tiie Husk rinsed 
out into the sejiaratprVilh a fni tlier .5 e.e. of .'■odium sulphate solution. 
Tl>e separating funnel i.-. then lightly qorked, and stood peiqiendicularly in 
a beaker or other eonvi'iiient stand in a hot-water oven. In a very short 
time the soap separlites out on the ^ul’fHce, whilst the liqiiiii heneath is an 
aqueous snintion of ''odimn sulpliate and any free alkali that w<as o/igiiially 
eontaiiufd in tli(‘ so;i|). This lower soiutinn is run off into a hcakcrand 
titrated with siiiphiiric aeid, Using 5 j)ei' cent, silver nitrate solution 
as a spot indicator on a [lorcolain plah* in the usual manner. If any ap¬ 
preciable ammmt of free ly\dro\ide is found liy this first titration, the 
sej)arated soa() in the separating funnel may he again washed with a 
further 51) c.e. of the'-odium sulphate solution, and Ibis when separated 
is titrated as bi'hnv. 

(4) The preei[)itate oil the fitl(‘r in (3) may eoiitain earhonate, silieato, 
borate, etc. It is washed with cold waici’and the filtrate titrated with 
“,'10 aeid, Using mctlivl orange as indicator. Tlie mimher of c.c. used cal¬ 
culated as Is’a.,(> give the alkali contained in the alkaline salts. 

The sum of (3) and (4) subtracted from (2), gives liie fimihineil ulkali. 

I’ll re I'ommercinI sikI.t, soaps made by the hot proci'ss (termed ‘‘genuine 
soap ”) contain practically 30 |)cr cent, of wali'rand no more than (»3-<>4 
per cent, of fatly acids. 

The theoretical c«-»mpo.sition of a genuine soap”made from neutral 
glycerides liaving flie mi'an molecular weight of about 800 (tallow, olive oil, 
etc.)is as follows: - 


Ratty an)iy<irid(‘s.Cl‘00 per cent. 

Comhined siKlium oxide (NaA)) . . . . . 7‘18 „ 

Water irudiiding small quantities of inorganic salts 
of glycerol (by difien-nce).31'22 „ 


100-00 


A genuine potash soap (soft soap) should theoi.-tically have the follow¬ 
ing composition 


F y. Newjj)gt<»n, J. .S’. <\ 7., 39, 95. 
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Fatty anhydridli!?. * . 38*70 per cent. 

(’ombtnel potassium oxide (K.^O;.C*84 

(.ilyceiol, water, and potassium farbonate . . . 54*46 „ 

* 100*00 „ 


TITRATION OF ALKALI EARTHS AND THEIR COMPOUNDS. 

• 

Stanoaki) liydi'oclilorii* or nitric acid must in all eases Ik* usjd for the 
titration of tln^ '•aiisMc-or (-arlionab'd alkali (‘arths, as tlu‘s{‘are the only 
acids yicldin*; soliiltie compounds, except in the case of magnesia. Jn 
titrating the oxtdi's, such as caustic linu', baryta, strontia, or magnesia, 
anv of the indicators may l)(‘ used and tin' residual method should be 
adopted, viz , adding a known exc<‘ss (»t' standard acid^ lioiling to cxjiel any 
trace of carbon dioxi<le, and tln'ii liUating tlu'nsidual free acid by mcfj^is 
of standard alkali. 

Th(( carbonat(‘.s of tin* saiiK' bases may, of course, tilso l^e <letorinined 
in lh(f same way, bearing in min<l that wlxm methyl orange is used the 
li(|uid is best c<iol(>d betr>re the final titration. All lieatingshould beavoidetl 
ulien Using methvi onuige in titrating mixtnies ol oxide or liy<lroxides 
and carbonalcs, or tln‘ lattiM’only, mdess it is impossible to dissolve the 
snhstaiK-e in the cold. A goo<l (*xces.s of aci»l is g<'ncrally ad\isable. 

The total amount of ha>>c in mixtures tif eaustic and carbonated alka¬ 
line earths IS also delermined m the same way. 

(1) Determination of Mixed Hydroxides and Carbonates. This may 
he doiii* using eillier plieiiaei'b'ltn (u* pheimlphthalein as indiealor. The 
former has been mi mended by Degt* ii e r and u n ge : the metho<l, 
howi'ver, reipiires praetiei' in ordfu* to mark the exact change of colour. 

Mi'Titon 01 ’ IbiocKDi’Ki;.- 'I'lic liquid containing the oojupound in a 
fine stale! of divisietn is tmleal with [ihenacetolin so as to he of a faint 
yi'llovv ; normal ae-id is then cautionsiy a<l<h'<l until a permanent pink 
occurs (at Ibis stage' all the liyelroxiele' is saturale'd), more' acid is now 
cautiously ae|ele>d until the* e-olonr he'cemu's ele'e'p ye'llou- fhei vedumo of 
fie-iel so us('d rcpres<‘rils the' e-arhonate'. 

The nie'lhixl is e'spe'e-ially aelajite'd {o mixtures of eade-ium hyelroxideand 
e*ai‘l)e)nate. ft is aKo applie-uble' to barium, hut not to magne'simu, owing 
to the gix'at insoiiihilitv e»f magnesium hyalreixielc in dilute a<*i<l. 

If jihe'nolphtliale'in is useel ass indicator, the mciheeel is as feilleiws:— 

Heat the', Injuid lei leeeiiing, anel cautionsiy adei ueirmai ae*iel until the rod 
colour is just eliselinrge^el. The* eairlx'^iati's e)f eaiN'inm anel liarium, ren- 
ele'i’cei ehmsc Iw leoiliiig, are' leoili ejuite! ue'utral b> tlio inelicalor. To obtain 
the whole of the base*, excess of iioriual aciel ]s useal, aiiel the' mixture 
titrate'el residually vviib neirinal alkali. 

Magnesium in solution as l)ica.rl»e)nate may be} aerurate'ly eietcrinined 
in tile* cold with nietliyl e^rangej as indicator. 

( 2 ) ^Determination of Calcium, Barium, Magnesium and Strontium 
In Neuti%l Soluble Saits. —The} amount of base; in the* chlorides and 
nitrat<?s of the alkali earths may be readily determined as follows:— 

4’lie wiSglied salt is dissolved in water, cauti(msly*n(*utralizeel if acid or 
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alkaline, plienolplitlialein adiled, the solution heated to foiling, and noruual 
sodium carbonate delivered in from time to time with boi^mg unlit the 
red eoiour fs permanent. i 

Magnesium salts cannot, liowcvc'r, be determined ip this way. or even 
mixtures of lime and magnesia, as magnesium carbonate alieets the indi¬ 
cator in a diti'erent manner from the other <‘arltonates. 

, Nitrate of Lime (atmospheric). Tin* tiitrogiui in this fertilizer may be 
indirectly Ih'ter^mined by titrating tlie calcium present as nilrati‘ with 
standard sodium carbonate. • 

The uitrateof lime miisf not contain the following:- -(/<) Nitrates of 
metals, tfie carbonates of which are solubh* in water (alkali nitrates); {b) 
soluble oxides of metals, the carbonates of which are soluble in water 
(alkali oxides); (r) soluble salts of metals, rh<‘ carbonates of wliicb arc 
in.soluble iii waiiu’, c\cc[)t nitrites and nitrates (<*. 0 . MgSfh, (’aCI.^). J liavc 
found tliat llicso (Mpu^ilinns arc fulfilled b\ the haiding brand ol this 
fe^^i!izer now on the English markpt, and tins indirect iiudliod gives 
ijiiite satisfa<-tory results in comparisomwifli the tediu-liou and distillation 
pi'oeiss. * 

Mkthou or Pkonuu'Ki-;: lo gm. nitrate' of lime i<-ontiimiiig about 
80 per ci'iit. (ui{N(>,).,] an’ <hss<.»lv(’el in wati’r aiul ma<le up to oOO e.c. with¬ 
out filtration. 50 c.i'. are transferred to a beaker or conical llask and 50 
e.c. ” 5 sodium I'arbouate adiieei, boiled, and tin* |ii’eci])itated caleium car- 
iiOiiaU’ toge’ther with otiicr hisoJubli’ substance’s, if [ireseml, (ilteivel ejll. 
in the’ce.eeile’el filtrate* ihe e‘Xi-e‘s>, o| sO^jium earbeiliate’ |s titrale’el Wlt!l”/5 
liydroehlot ie- a<-]el and nie*tli\ I orange* 'I'lie* Na/X); e*oiisiimed coi'respeutels 
to the* jiie’sciil. 

I e-.o. 5 gm. N. 

Sliuuld the’ uitrateof lime e'oiitam tre-e lime*, tins does not alb'e't the* 
titration, as an amount of sfieiiuiu livdte.exielc is fornu’el in ilie* filtrate 
ee^uivalent to the’seidium e-aibeuiate* ceuisiimf‘<l bv Ihceale'ium livdr<txide. 

Fx.vmi'I.i;: 50 e-.c. of sohitie»n ( 1 gm. sail) f- 50 i-.c. ^ 5 Nad/'O,; re*- 

• jUiriMl 2o e*c. *^ 5 JICI. 50 - g 5 I7’7 *^5 Na,dH): e-emsume'et. 

47'7 X 'iKCfS A 100 . i;i-:{5 pe're-cnt. mlrogcii, 

(8) Precipitation of the Alkali Rarths from their Neutral Salts 
as Carbonates. -Soluble* sails ot e'alcium, t>arium, anel stremiiurn, such as 
(•blonde’s, nitrates, e*te-., are etisso|ve*d in wate-r, and the' base pre’cipil.ate'd 
as efirbetiiate*, with exce-ss e>f ammonium e.-arbonab’ aiui some free’ am¬ 
monia. The mixture’Is he'atcel to about 00'^ 0. tor a tew minute’s. Tiu' 
precipitatcel e-arbonale IS ttie*ii lo be* lilte*re^d, we*ll washe*d with hot water 
till all soluble niatte*rs, e*>j)cctally ammonia, are* re’ineived, anel the precipi¬ 
tate with filte'r titrate'el with noriualiie'iei as alre-aely de‘<eribcd. 

Magnesium salts e-annot be* eli*te'rmine.*el in this way. 

( 4 ) Calcium and Magnesium Carbonates in Waters. -The amount of 
calciuni or ealcium and magne’sium e-arliunate?s dissolved in ordinary non- 
alkahne waters may t»ee very readily, and with accuracy, found l\v taking 
200 or 300 e.c. of the wate'r, he’ating ne^arly to i>oil(ng, aelding phenace'tolin 
or lacmoid, and titrating e-aulieiusly with % aciel. .\n enjually a(;<‘urate* 
result may ^e obtained by methyl orange’ in the cold liquid. * 

( 5 ) Determination of Calcium and Magnesium Sulphates, Chlorides, 
Nitrates, and Carbonates in Waters.--Sec Water Analysis section. 
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NH, 17-0;{4. 

I. Determination of Combined Ammonia by Distillation with 
Alkalis or Alkali Barths. 

Tills iik'MhxI brinj^s nlMmt tln‘ eviniUinn of aiiinionia from all its sails. 
Caustic so<la, potasli, or Iim(> may any of them bo usod.' Wluu-e an 
oi-tfainc nitro^o'noiis con^iound exists in tlie siibstan<-e it is in most eases 
iiecessarv to '^iilimit il to jiivliiniiiarv treatment by l\ j e 1 d a h I ’ s meflnxi 

(1>.H‘>)- , . . . " 

'J’hci'o is a j^reat variety of distilling vessels eon\enient for this pro¬ 
cess. 

.\ny of the ordinary forms of apparatus will 1 m> lound useful for 
aeeiirnlely deierminin^ tin* ainnionia in an\ ol lt^*(‘onl[)Ollnl|s wbieh can 



t’lo. 21’.. Fw, 27. 


lie deeoniiiosed ))y soda, polash, or lime. 'I'he ^ms so evolved is eoliccted 
in a known volume in exee.ss of M.ahdard acid, the exees.s of a<‘id being 
afterwards found by ivsidnal titration with standard alkali. A eoinpaet 
niod(*rn form of apjiaratns is shown in fig. 20. 

An ingenious ainl useful distillation tube for rapiti didenuinations 
of ammonia dosigiKMl hy Hopkins' is shown in fig. 27. It is made from 
tubing of 7 to 8 mm. ^jore. The side 0 [)enings, A and A,, should be 
nearlji ag large, and the bull) about 5 cm. in diameter. The length of 
tile tube below tlie bulb is 12 cm., and that above the buW.» about the 

C/. .4.X. 1896, p. 227. * 



76 


AMMONIA. 


same. The jots C aild C| are 2 mm. inside diameterr In use, the tube 
is pushed througli the cork of the distilling flask until the (|})cning A, is 
below the (Vk; tlie vapour then passes through the side openings, and 
whatever condoiisos in the tube below the beiul B, ijiins back into Die 
flask through the jets C and C,. which always remain tilleil witli lujuid. 

Mkthod of PHorFDURE.—Thi‘ ilistilling flask a (see tig. 2<i), capacity 
about 400 C.C., is {)laced upon the wire gau/e, and contains the aimnonia- 
eal substautc. ^Tlie luljc d is lilleil witli str<uig caustii* potash (H'soda. 
Tlie flask h holds about ttOU iw. and eontakis a measured (piautUv of 
standard acid, part being contained iu tbe, tub(‘ c which is liUod wilii 
glass wool or liroken glass, and through wliii-h the, standard acid has 
been poured. The sto\)pers of Die flasks should l>eof caoutcliouc, fail¬ 
ing winch, good corks soaki'd in melted paraflin may U' used. 

The substance tt) be evuuined is weighed or measunsl, and put into 
the distilling flask if^witli a litth? wafer. The apparatus then l>eing madi' 
tigjU at every |)oint, sonu' of the causli'- alkali is allowi'd to How into n by 
opening the tap of </. and the ga.s or spirit lamp is liglitisl uiuh'r it. 

The eontents are’brought In gentle iKtiling, taking care that tlie froth, 
if any, does not eutiu' the distilling tube. It is as well to iM' a movable 
gas burner or ooimnon sjiinf lamp, mi that, if there is any tendency to 
boil over, the heat ean be nmioveil imiiiediately and Die tbi'-k lilown upon 
by tbe breath, which re<hu-es Die jires-vure in a, niojneiit. In e\aniining 
guano and other substaiu-es i'<nita.iiiiiig ammoniaeai salts aiul organic 
matter tlie teiideney to frothing is eoiisideralfle, and unless Die al)OV<‘ ]ii'e- 
eaution.s are taken the accuracy of ttie results will be inlerh'red with, A 
small piece of ln'f'swav, soliii paraffin, or giamilal<“d /,tnc is very seriiceablc 
in preventing IVotliing or bumping. 

The distilling tube lias lioth (uuls cut ol)iiijuely, and tlie lowei’ end 
nearly, but not (jiiite, naielKs to tin* surfaei^of tbe acid, to wbicli a little 
methyl oninge may be addi^l. Tlie (pianfily of standard acid used must, 
of course, be more than sulfieienl to <-ombine with the ammonia pro¬ 
duced; Die excess is aftiuavards aseerlaiiK'd i)y titration with staiulard 
alkali. The boiling sbouid lie continued till about two-fbirds of tbe liquor 
in the distilling (lask have distilled over. Tlie tube r must be tliorougbly 
wa.slied out into Die flask l> with distilled water, so as to carry down the 
acid with any eoniliined gas wliieli may liave reached it. The titration 
tbon«procceds as usual. Eaeli <-.e. of **/, :icid neutralized by Du' ammonia 
= 0'017034 gin. of NU,,. 

2. indirect Method. 

In the case of tolerably pure animoiiiaeai salts or liquids free from 
acid, or in wliicb the fn'c acid lias previously been determined, a simple 
indirect methorl can be use<i, as follows:-- 

If the ammoniaeai salt be boiled in an ojien vessi'l with normal caustic 
alkali the ammonia is luitirely set free', leaving its acid combined with the 
fixed alkali. If, therefore, the (]uantity of aiki^line solution is'known, 
the excess beyond that mressary to replace the ammonia may be found 
by titration with normal acid. The lioiiing of the mixture musk be con- 
tinuerl till a'piece of red litmus jiaper, held in the steam from the flask, 
is no longer turned bllai*. 
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Kxami'LK : 0 jjm. of ji dirU’ sample of sniphAte of ammonia were 
lioiled on a Numi-hath in a larj'O flask with 100 e.c. of **/, NaOlE till all am¬ 
monia was oxjK'lled. On then titi-inf iri" ha<-k witli normal Ha ^04 2\H c.e. 
were retpiired. T^e free arid in 5 jjm. n^quired 1-2 e.c. of NaHO. 
Hmice KK) - 1’2 - 2y-4 = mi, and 'OlTOfli x 0!)-4 x 20 -- 23-(i4 per 
cent. NH,|. 

3. Technical Analysis of Ammoniacal Gas Liquor, Sjulphate of Am¬ 
monia, Sal Ammoniac, ete. (arranj>:ed for the use of Manufacturers). 

'liiis ])roc(‘ss dejMMids upon ttm faei that when iiininoniaeal<5saIts are 
)i(»i!ed wdli can,•'tie soda, putasii, <ir linn*, the whole of the ammonia is 
(’xpelh'd in a fre<i state and may l)y a, suitabN* apparatus (tig. 2 (i) he deter¬ 
mined witli extri'ine ae'Curai-y (m'O |). 75). 

Technical Analysis of Gas Liquor. -This li(fiii(l consi.sts of a solu¬ 
tion of carlionalos, siiljdiates, tliiosiilpliati's, sul^Aii'h's, thiocyanates 
(Nuliihoeyanides), and other salts *of anitnonia,. The oliji'ct <if the am¬ 
monia jna,iiula«'liirer is to get all mit of his lh|inor into tlu^ form of 

>iilphale or iddoridi' as ('conontieally as possjhlo. The whole of the 
ammonia existing free or as earhonate in the liipmrean ho itislilled off 
at a steam )iea,t; the fixed salts, however, n*qnir(‘ to he heal<*d with soda, 
pota'-h, or lime (tin' latter is gimerallv used on a large scale as being most 
eennomieal. soinelinie' with an addition of eaiistie soda towards tlio end 
of tin' ‘hstilialion), in order to liheralo the ainnioma eonlamed in them. 

The apjiaraliis here deserihed is the same on a small seale as is ni'ees- 
sa,i'v in th(‘ aeltial manuraetnre of bnlphat<‘ ‘if ammonia in quantities; 
an<l its use eiiahies any maniifaeturer to tidl to a fraction how niueh 
siilpliate of ammonia ho ought to obtain from any given <|iiaiitity of gas 
liquor. It also I’liables him to tidl oxaetiy how miieli ammonia can he 
distilli'd off with heat alone, and Innv much exists in a fixed condition 
re<(uiring lime or eausfie soda. 

Strength of Ammoniacal Liquor. -T wad dell’s ItvdroinBfer is 
always used for deti'rmimng the dmisily of amnioniaeal li(pior, the 
strengtli of winch is ap|)roximately given in “oz. sinmgih'’ hy simply 
doidiling llie livdrom(‘t(‘r reading. Tims, a liquor show'ing 5^ Tw. might 
lie roughly lalven as of ‘HO oz. strength,” which means that 10 ounces, 
by weight, of sidphurie acid (s[). gr. 1-H42) ari' required to neutralize the 
ammonia [iresmit 111 on<‘ gallon of the licpior. 

oz. s( ivngtii 4^*01 X gm. of NH., |ier JOO e.c. 

It should 1 m‘ iiohH lhat resiilfs should in all cases la* given as “grams of 
atnmonia per not as ‘‘piiretiitage of ammonia,” heeause where 

a strong liquor of 15" or 17'' Tw. is eoiu'orned, instead of ordinary gas 
ii<luor of about 5^ Tw., it rnaki's a considerable ditlerence in a contract. 

• Solutions Required. 

Slanditfd Je/d.'--Tlus is of such strength iliat (‘ach c.c. is eijuivalent 
to 0-f gfn. ammonia per 1(H) c.c. when 10 c.c. of the liquor are distilled. 

Now a 1 per cent, ammoniacal solution contains 0-1 gin. KH 3 in 10 gm., 
and ihisfequin's ()•! x 2 -K 7 q 0-2870 gm. of This amount must 
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bn in 10 c.f*. of fhn standard add, sincn nadi n.c. of t'lis O-l o;ni. XH,. 
per 100 c.(\ of the liquor. Jlnnoo the standard aciil must tiontain li8"0 
gm, of per litre, and can bcnnade hv <lilufinc 587-0 c.c. of ”'i 

H,S 04 to i 

Staiulard .SWa.- Tliis miivt c\activ balanci* Hu* staialard acid and is 
inado from normal Mula, solution in a similar \\'a\. 

, Metjiod of ruocKDnki-. -U'hato\cr tla* strcn^nli of (lie li(iiior, 10 c.o. 
i.s the amoifht ii,‘variably taken tor di'tillation. This volume is jajK'tted 
into tile (listiHin^f Hask --the filriii^fs having; piin ioii>Iy bivii ivoiiovavl- and 
the tube d (Hf,'. 20, p. 75) is tilled uiiii stron^M-austic soda solution. Tlie 
stopper is' then nqdaci'd and tin* llask x'ciirelv emtM‘(|d(*(l m drv sand in a 
sand-bath or supported on \vii-e !.:a.u/(‘. 20-50 c.c. of standard acid (lakinji 

about 0 c.e. for«‘ach ounci'of v|r(‘nj>th as d(‘le?‘mine(l a.bo\e) are pip(‘ttod 
into the n'ceiviu'; llask throii'^h the tube c, which is tilled with broken 
j(lass nr j'lass b(‘a.ds nla'cefl on a lav(‘r ol j;ia'«s wool or (ilirous asbi'sios. 
The acid finis ivtaineil servi"- to arn^sLanv vapours of ammonia that luav 
eseapi' condensatnui in the llask. The apparatus is then tified to<i(.-thcr, 
heat is ap[)lied to thb sand-hath, and at fli(‘ same turn* caustic soda solu¬ 
tion is niii into the Mask by opening: tln‘ tap on d. TIk' coiifmits of the 
Mask are then lieatmi to boiliiifx j(oinr and lh<‘ Ins-itiiio cunfiimed milil the 
greater part of the iniiiid has distilled ovi-r into the recei\er. The proc('.ss 
Usually takes aixnit a (piarter of an hour, and can* must be taken lliaf the 
tube in the ivc(‘i\er never di|)s mio the acid distillate. TIh* rccci\ci' with 
its attached tubes ar<‘ tlam discoimecb'd and the tube carcfiillv washed 
down with distilled wat(‘i fill all traces of acid arc hi'oiighi into IIk* Mask. 
Tlie fittings an* now* removcil, the flask cooled, melhvi orange or otli(‘i' 
suifal)le indicator added, ami the residual acid litrab'ii with tli(‘ standard 
.soda solution. 

Kxa.mi’LE : to c.(. of li'iiior of 5" T\\c(jua.l a|)jiroximal(Hv to to oz. 
strength. an‘ distilled mlo oO (•.(_•. of fin' staiidaid acid and t* c.c. of stjui- 
(lard soda arc l•c((llir(*d to n(Mitraliz(‘ tin* evess. Then 2»0 - 0 - 21 c.c. of 
standard acid lia\e b(‘en satur.ibsl bv flic distilled amiuoma, (Mjual to 2-4 
gin. jier 100 c.c., am! 2 4 x 4 OJ U Oii oz. strmiglh. 

Method of IhmcEDUiU'; fou Som’iiate of Ammofja oit Sao Ammom.ac. 
All average sample of the salt being drawn, 10 gm. arc wciglic(t, tmu.sferrcd to 
a 100 e.c. flask, distilled water ponrijcl on it, and w('ll stirred till dissolved, and 
finally water added u.\a( tly to the mark. 10 r-.c. of the well-mixed solution are 
pipetted into the distilling flask , dO e.c. of standard acid are rim into the receiv¬ 
ing fla.sk and the distillation earned on preciscl,p as in the case of the gas li(pior. 
The number of (‘,.(\ of standard acid required .show.s directly the pon^entago of 
ammonia; thus if 24-G e.(-. arc used in fie case of siilpliat(\ it contains 24 (5 per 
cent, of ammonia 

The li(]Uors when b'stixl must h<‘ mcasnnsl ;it ordinary temperatures, 
say as near iHf' F. as possible. The standard solutions must he kept closely 
stoppered and in a eon! place. 

The following taldo is given to avoid (Mlcnlations ; of course, it will be 
understood that the figures given are on the assumption that the ndiole of 
the ammonia contained in the h(|iior is extraeded in the manufacture as 
closely as it is in the eiApenment. Witfi the most perfect arrangmient of 
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plaiif, howovor, tlii# does not as a nilo take place ; hfit it. ought io he very 
n(>ar tlie mai^' with proper apparatus, and care on the part of workmen. 
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20 

1 -2,50:) 

1-5520 

• 1 7850 

l-(i820 


Tlu' weight ef Miljjliurie aeiil being gi\eii in deeimal' render^ it verv 
easy to arrive at the weight neei's^arv for every thousand gallon-^ of liquor, 
by simply moving tliiMleeimal point ; thiwH-o/. Inpior would nMpiire 500 
ib. of eriinami rated oil of viti iol, brj.') iti. of brow n oil of \ilriol, oi' 71-1* lb. 
eliambor acid fore\ei'y 1000 gallons, and should yi<'ld in all eases ti72‘8 
(sty OTlf) lb. of sulphate. 

4. Complete Technical Analy.sis of Ammoniacal Lk|iiors. * 

rite Annual Reports f)f the (thief [nspeef<ir under (hf‘ Alkali, ele.. Works 
Regukition .\el lia.ve for some y<*,i,rs past recorded tin' results ot investiga¬ 
tions eoiiduej(‘d m his lahoratory on ammoniae;il liqinus Ironi various 
sourei's. * 

\ general summarv of tin* a.nalvti(ail methods in use was gi\en in the 
Report for lOOit (pp. ttl-tt't) amf again in the Report for IH 0 !)(pp. 15-10). 
From 10()!bl017 no furtln'i investigations in this departnn'nl were urnler- 
laken, hut in Hie latter yi'ur Inpiors of exceptional strength were submitted 
for analysis tmd wi'O' foniffl to require ei'rtain modilieal ions of (he methods 
ordinailly^mployed. In 1018 the [iroeediire for detennination of cyanogen 
compounds was submitted to fiirtiier revision and the <listu1'bing effect 
nf Uiiocarl^riate studie<l in detail, and suggestions^mide for its deter- 
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mination in liquors of varying strength (see flopo|’t 1018, Appendix; 
Report, 1919, Appendix). In. Dee , 1919, the estimation oi pyridine in 
sulphate Of ammonia and in amnn^niaeal liquors was oxtiaiistively re¬ 
viewed (ibid., 1919, Appendix). I'ln^ general procedure for analysis of 
ammoniacal liquors is sumn>arizod in the Teehnieaf index to the Alkali 
Reports with Ajtpendix, 1894 to 1017, published in 1919. 

Tile most recent processes will now Ix' given, th<‘ special proctMhire 
' required in the case of concentrated liquors' heing distinguished l)y the 
letter (C). * , 

Samples shoulil be drawn from hulk ami analyseil fresh' 
whencvl.r pmcticahle. If stored for suhsoqueiit analysis, care must Im‘ 
taken to exclude contact with air; glass stoppered hollies should be used, 
filled to within 2 c.<*. of the stopper. Ooncentrale<l liquor should be 
handled with the greatest care. On storage thiocarbonati! is converted 
into thiocyanate. * 

* 1. Fne Ammonia.—(d) By direct ti#nvtion, to dolermino approximately the 
volume of acid required for the distillation process. To avoid loss of ammonia Ity 
volatilization it is rfesirablo to rim tito liquor into I,lie standard aedd, which is 
kept ill excess until just before tlie end. LTse melliyl orange as indicator. 

(6) By distillation. 10 c.e. of liquor (more, if weak) are diluted to about 860 
c.c. in a round-bottomed flask connected through a catcli luilh to Liebig condenser 
and receiver with inlet tube sealed in excess of aud piovided with outlet 

acid catch packed with fragments of hard glass (some beads are foiiini tojield 
alkali to ^j 2 acid, aud their use is not rocoimncndcd). liOO r.v. of the solution 
are distilled over and thoexecss of acid in tlie receiver is titrated with N!i,.(;().. 
On further distillation certain liquors continue .o evolve small traces of ammonia. 
The presence of this ammonia is attributed to the slow doeoniposilion of fixed 
salts of ammonia and possibly of nitrogenous bodies, and the distillation for free 
ammonia is thereforo not continued beyond :i()0 c.c. 

2. Fired Amm<inin.— l*>y distillation ; Add 1.60 c.c of a ‘J per c.ent. caustic 
soda solution to the residual liquor m flask used in (6) atiove and di.stil oil 200 c.e. 
as before. 

c.e. acid X 0-0086 x 10 - gin. NHy per 100 c.c, 

Notk.—V or method of stating results in terms of “ Ihdrogen Kquivalents,” .see 
paper by L. T. W r i g h t (./. 8. <!. f., 1H8G, 5- 966), also Ajipcndix to Annual Ueport. 
1905, p. 48. 

3. Carbonic Acid —10 o.c. of liquor (more, if weak) are diluted to 400 c.e. in 
a fiititable flask provided with a Bunsen rubber valve; 10 e. of ammouiaeal cal¬ 
cium chloride (1 c.e. 0 44 gm. (10,,) are added and the whole heated for 2 liours 
in a water bath at 100'' G. The calcium carbmiatc obtained by filtration is washed 
back into the flask with 26-30 c.c. of cold water, dissolved in *'/2 HCl, and the 
excess of acid titrated witli ”/2 Na.A10^ The small amount of calcium carbonate 
left on the filter paper is best recovered by incineration aud added to the contents 
of the flask. 

c.e. **/2 acid x 0*011 x 10 r_ gni. CO._, per 100 e c. 

4. Chlorulf.—lOc.c of boiled liquor arc diluted to 150 e c., 25 o.c. of hydrogen 
peroxide (10 vols. “ free from chloride ”) added, and the wlioje boiled for l5 minutes 
to oxidize thiocyanate, etc.: a further 10 o.c. of jwroxide are then added aud the 

« * 

'I’he iTirfmif;ictiirc .and analysis ol comnicrcial coiK'eiitrate'l arnmoma liquor i.s dealt 
with by Co 1 Til a ti and V eo ni an in,/,, 1818, 37, 3]!) T. 
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boiling continued foi^.O minutes. To the hot solution are added five or six drops 
of a 10 percent, solution of potassium chromate and the boiling continued for 
two minutes, Tlien a few drops of sodium carbonate with further boWing for one 
minute. Tlio solution, which should possess a yellow colour, i.s filtered, cooled, 
and made up to ‘250*c.c.; an alitpiot portion is then titrated with AgNO^ 
(potassium chromate indicator) after neutralizing with dilute nitric acid. A blank 
(‘xperiniont is made with 10 c.c. of NaCl and the same volumes of water, 
jwroxide, and chromate as in the actual analysis, to determine the correction fbr 
traces of ehlorido in tlic reagents use<l. • * 

It IS dcsiralile, after oxidatfim with the peroxidi' and before addition of the 
chromate, to test a drop of the solution with non alum aeidilii'd with nitric acid 
to ensure that all the thiocyanate lias been oxidized. Sliould oxidation te incom¬ 
plete or tlie organie matter in .solution re.sist oxidatiou, further additions of per¬ 
oxide and poLassnim eliromalo must be made and the boiling eontimied as before. 

N/io AgMO, X X 10 gni. KCi per 100 e.c. 

, NoTFi.--lf more tlian a trace of ferroeyanide i.s presentthe sample, it is re¬ 
moved by addition of iron alum prior t(i<ixidaLion with peroxide. Thus : , 

K) c.c. of tilt'boiled liipior are diluted to KX) e.c. and heated to W-70" A 
suHicieiit excess of asatinated soUiLion of iron alum is thtn added. After co¬ 
agulation the Prussian blue is *‘eiuovcd bv liltiatioii and waslu'd with watc con¬ 
taining a little sodniiu sulphate. 'I'lic filtrate is then oxidi/ed witlt peioxideas 
licseribcd alio\c. 

5. As sulphate (by |)y so n’s metliod). 2b0 e.c. of tlic liipior 

are coneeiitrated to about 10 (;.c.;oii tlic water Imtli, 2 e e. of strong liydroclilone 
acid addeil, and the cMiporation eonlnnied t(» (lt\iiess to dei-omposi' tliio.sulpliato 
and render organic nialter b'ss soluble. 'I'lio residue is extracted with water, and 
liie filtered solution made up to 2.00 c c. . loo ,•of this solution are acidified 
with li\droc.hiorn- r 'id. hroiighl to I tm b.)il,aml barium '‘blonde aikled; the precipi¬ 
tate, after stamling, is filLeivd ami weighed. 

Ihiniig evaporation tin* Inpior should he pMteeted from contact with products 
fiom the ciimbiiHtiuii of i-oal gas, as siilpliiii'cous fumes arc readily ahsorlicd. 


gm. T5aS(), 0-|;t7d ^ gio. sulplmr, as sulphate, per lOO e.c, 

(b) ;\s (i) .sulphide ; (li) sulphite and thiosulphate. 

A/‘p)ii.riiii(i/<‘ nu'lhod: 111 <■ e. of the liquor are run into 400 c.c. of water 
aeidilicd with hydroclilnric and and contauiing a moderate exces.s of n/,,, 
solution. Tile excess of iodine is then titrated with n/iq thiosulphate, starch 
indualor. 

A.iv/e/ mcflmd , 10 e.c. of Inpior {or more) are run into excess of N/j animouiacal 
ziiicrhlonde solution diluted to about SO e.c. ; tlie solution iswatmed toeoag.late 
the sulphide, filtered, and tlie precipitate washed with warm water. 

(i) Sulphide.-'I’h(‘ zinc sulphide on the filter is washed into excess of 
iodine strongly acidified witli liydi^cliloric acid (tlie last traces of sulphide being 
washed tlirougli with cold dilute acid, or the filter paper mav he digested with dilute 
aeid and a liUle iodine). After vigorous^liaking to complete the solution of the 
sulphide (and on occasions solution is slow), the excess of iodine is determined 
with "/lo lliiosiilphatc,- -starch indicator. 


e.(u N/ju ^ o-ook; pj _ sulphur, a.s sulphide, per 100 e.c. 

” »’ • 0 0017 X 10 - gm, .sulphuretted liydrogen per JOO e.c. 

k) In tlic analysns of concentrated liquor 10 c c. are run into excess of 
mmoinacrnl zme, clilurido, h>drocl!loric acid equivalent to the liquor taken is 
ion cautiously added, with agitation to avoid local excess, the alkdlmc .solution 
any the residue well washed witli warm water.* Tlie sulphide m the 
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residue and the t)])osul{)hate in the filtrate are then detcrmknod by titration with 
^/lo iodine. 

(ii) Sulphite and Thiosulphate. -An [jipproximate method for the differentia¬ 
tion of sulphite and thiosulphate was doseribed in Annual Report, 1!I08, p. 30. 
Mayer and Heinpen describe a method based upon the use of strontium 
chloride, which they consider to bo sufficiently accurate for the desired purpose. 
Prolonged experience in the analysis of ammoniacal liijuors, however, lias led the 
aiUhor to tlic conclusion that no exact estimation of suljihito and thio.sulphate 
is possible in such' liqiiom by any method based on titration with iodine, save in 
quite exceptional eases, and he prefers to present a united figure for sulphur as 
sulphite, thiosulpliate and other forms reached by “ dilTerenee ”: by subtractiug 
from the " total sulphur” found hy bromine oxidation the sulphur present in the 
form of sulphate, thiocyanate, and sulphide separately determined. 

{(■) Siilpliui an Thmciianale (Sulpliocyanide).—‘250 c.c. arc run into a gradu¬ 
ated flask provided with a rubber stopper fitted with inlet small bore tube and 
piilchcock and conueettJ to a supply of coal-gas. 10 gin. of lead carbonate are 
added, and the air in the neck of the flask displaced by coal-gas. Tlic stopper is 
then pushed in, the pincheoek closed,and'the flask well shaken until the sulphide 
separates, leaving the supernatant lujuor clear and colourless. In certain cases 
further addition of load carbonate is fmind necessary, and in any case it is desir¬ 
able to test a drop of the supernatant liquor with lead acetate jiaper before pro¬ 
ceeding with the analysis, as follows 

150 e.e. of the clear supernatant liquor are withdrawn and boiled for 10 to 15 
miiiiites to remove the cyanide, and the solution cooled and made up to 150 e.e. 

50 c.c. of this solution ( - 50 c.c. of the original liquor) are slightly lu'idilied witli 
sulphuric acid aud tlic ferroeyanule removed as Prussian - bliu' by the cautious 
addition of a solution of iron alum in slight I'xcess, followed by (lltraiion through 
paper pulp with tlie aid of the filter pump. The residue is well washed with hot 
water con laming a little sinlium sulphate, to prevent “ resolution ” of the blue, and 
the thiocyanate in the filtrate determined in one of the two following ways - 

(i) Direct 'rihiition, afla Oruhition of the Thionuthhate hi/ lion Ahnii.- -To tlie 
filtrate (cold) a<ld 1 c.c of a saturated solution of iron alum and heat the mixture 
to incipient boiling. To the hot solution add 1 c.c. more of tin; irou solution and 
allow tlie mixture to stand 5 minutes to complete the oxidation and promote 
separation of ferric hydrale. Tlie blood-red solution is then filtered througli paper 
pulp, the residue washed with hob water and the filtrate {which should bo bright 
and clear or brown end-point will follow) is cooled, acidified with 2 c.c. of 50 per 
cent, nitric acid (free from chloride and from oxides of niirogen) and titrated with 
*^/io AgNO^ in the usual way. A more certain end-point is reached if a .slight ex¬ 
cess of silver solution is added, say, 0*5 e.e, and the liquor filtered and brought 
back with *^/io AmSCy. Results are slightly high. 

(ii) PiL’cipitntion as Cuprous Thioe.yaiuile.—To the blood-red filtrate from the 
Prussian blue a distinct excess of a solution ol sodium metabisulphitc is added— 
say, 10 drops in all of a concentrated solution—and the mixture heated to OO^-TO'' C 
to effect reduction of the ferric salt. A distinct excess of a 10 per cent, solution of 
copper sulphate is tlien added and the heating continued to incipient boiling, 
After standing 5 to 10 minutes with occasional agitation to offoet coagulation 
of the cuprous thiocyanate and associated impurities, the solution is filtered and 
the precipitate well washed with hot water until the waslrugs remain eolourloss 
on addition of a drop of dilute solution of ferrocyanidw. Tlic filter paper is then 

Kf. fit, (.'iMmchl. ' 

Amnioiiiiim fmooyaiiitU* is .soiiicwliat iin.stable on lioihiig, but in alisfiicp of ammonium 
sulphiile therw will lie no formation ol tliiocyanate The TrusMaii blueolitanicj is rejei'ted. 
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picired, tho residue washed back luto the flask and 25 c.c, of a I per cent, .solution 
of NaOH ffrej from clilotidc) run into the flask over tlie filter paper, and tlie 
contents digested for 5 to 10 minutes (a* ahont 40" C.) to complete tlifi decomposi¬ 
tion of tlie cuprous salt. The solution is tlion filtered tlirougli paper pulp, tiie 
residue well waslicd vfitli hot water, and tlie iiltrate cooled, acidified with 5 c c of 
.50 per cent, nitric acid and titrated witli »/io AgNOj, after addition of a little iron 
iihiin ns indicator. It is advisniilo to add e.\-coss of the silver solution and to 
titrato baf’k, after filtration, as lu (i) above. ^ • 

Dr. Col man lindsit an advantage, in certain cases, to add !l few drops of iron 
alum to tile caustic soda crtraT-t of tiic cuprous salt iicfore filtration to promote 
coagulation. ^ 

If tlie amount of tliiocyauate is small—say, less than tho equivalent of 5 c c 
"/loAgNOj in tho volume taken for precipitation—it is found an advantage to 
add to till. Iiltrate from tlie Ihussian blue, and prior to preeipitation witli coimor 
sui|iliute, 10 c.c. of »/,o NHjSdy. Allowaiiee is made in the titration for tin’s ad¬ 
dition, ami O'lfi v.v x/io AgNOj is added to the titre to^mrrcct for the soliihilitv 
of tlie cuprous thioeyailato and other josses incidental tolhe proce.ss as detia- 
mined by blank oxpcrmiont. ’ • 

”/io AgNO, X 2 X ’OOd^ -- gni. Milpluir, as tliiocyaifate, per 100 u.e 
X 2 X ‘0027 - gni. HGN, as tlnocyanato, per lOO c.c. 

(«/) 'Ml,I Hillphui (I) y s o u’s metliod modified).- -50 c.e. of the liquor (100 c c 
If weak) are slowly added driq) hy drop, and witii constant shaking to ,50 e'e' 
o water eoiitaining e,xcess of liroiiiiiic (free from sulpliur) acidified witii a iiioder’ 
ate e.sees.s of hydrocliloric acid. The oxidised solution is evaporated to dryness 
on tlie water hatli (avouiing eoiitact with acid fumes from .■oal gas), tin-residue 
extraeted with Ijoiling water, liltored, enolcd, made up to 2 , 5(1 jop 

precipitated with harmin chloride solution in the usual wa\. * ’ 

gni. BaSO, X -l.'ITh ■■ 5 ^ sulphur in KXl e.e. 

In the ease of eertani liquors, e.g. coke and Idast-fnrnaee liquors, oxidation 
witli bromine yields a iieavy yellow preeipitatc of broiiiinated plieiiols. Tins 
piecipitate may retain traces of siilplnito in aiiioiilit siillieient to a/Iect the 
percentage distninition figure, unless it is recovered liy fusion witli tlie smallest 
Iho'total Of sodHi'u peroxide, and iuehided in 

0. 10, (Feld’s method mod,iied).-Dr. C 0 I man lias eiiipiiasired 

tlio 111,portai.ee of safeguarding tho stahility of the ferroeyaiiide wlie.i elteet „g tlio 
relnoval of the eyanide and sulphide prior to preeipitation of the nnc a„Me 

m ™rre ' nd I-'-' <Moo...posit,on irb^oiiin; 

h ,F 1 me oyH'Ogou is uotieealile oven wliere the solutiSu w 

i e. at 40" under reduced pressure. On the other hand, solutions of sotiin 
■d potassium ferroeyanido are stable at ttie boiling tomperature oven in 
pn senee of ammonia, if sufficient t%u.stic alkali is present 

acid ''I""’'’ Mightly witl, sulphuric 

tion'ih!!^ Mum solution in suilieijiit excess to impart u deep red Llora- 

hltif' ■ Tho solution is thnn hoatod to (10'' C. and the iTnssian 

Who coir a ' r ! , ' r »l‘“ws no 

The preZtal 1 M^i” tinoevanate 

eulphate ™ cr aid" ™ter containing 'sodium 

Wiie deeJiirihold bv boS 5 M » flask and the Brussian 

tlte solution dilld to IM e 1 15‘c"c f ” 

MgCLGHtWr il 1 o' “aguosium ehlo.ride .solution (610 gm. 

a P litre) are next added to the boiling solution very slowly and 
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witli constaut agitation In avoid the formation of clots of magnesium hydroxide. 
To the boiling mixture about IW c.c. of boiling mercuric chloride,solntion {27*1 
gm. HgCI., pbr litre) are added, and the whole is boiled for 5 to 15 minutes. The 
liquor is tlion distilled for 20 todO miuutes witli addition of 30 e.e. of IN sulphuric 
acid (lOO gill. p,;r litre), tim liydrocyanic acid beinj collected in 25 c.c. 

of normal caustic soda and titiatod as described in the metliotl for estimation 
of jiydrocyanic acid hchnv. 

I o.e. »/io AgNO, - 0-0051 gm. HCv 

0-(X)IU7 gm. fNirj,FcCy„. 

For U. J'l. Williams’s method of procedure for determination of ferrn- 
auide.s, see I’art \', Fci'roc\aniilcs. 

7. Acid, hy Fe hi’s method.- If caustic ammonia is absent 50c.c. 

of the liijuor arc distilled with excess of a strong solution of lead nitrate. 

The apparatus employed is similar to that used for estimation of ammonia 
and ferrocyaiiKlc. It co-.sisth of a 5(X) c.c. round-bottomed flask provuh'd with 
two-hohsi (•aoutelKmc''slopper witli inlet tube sealed in liquor and exit tiihi' 
connected through a catch hull) to Ijiehig*condenscr and receiver. The exit tube 
of the condenser is scaled in the 25 c.c. of normal soda with which the receiver is 
charged, residual gases escaping througli a scrubbing bulb contaiinug fragments 
of liard glass muistcued with luuistic soda. The distillate is diluted to‘UX) c.c., 
a cr}.stal of potassium lodule added, and the solution titrated on AgNO,. 
c.c. '*/io AgNO, A -0051 A ■! — gm. IlOy per 100 c c. 

If canslic ammonia is present, results are low in prescuce of thio.sulphate,' 
and the h.dlowing procedure is adopted in the case of ordinary htpiors. 150 c.c. 
of the liquor arc shaken wiLli lead carhonatc (to remove siilphiile) in presence of 
coal-gas in the manuer de.scrihed in 5(<') above. 

50 c.c. of the clear supernatant liquor aio run into a sliglit e.vcess of a 
25 per cent, soliilioii of ulumiimmi chloride diluted to 200 c.c. The solution 
aliould tlien be acid to litmus ]>aper. Normal sodium carbonate solution is then 
added in amount sullicicnt to lender Llie solution tiistiuctly alkaline to litmus, 
followed by addition of 10 c.c. of a 20 per cent, .solution of load nitrate, whicli 
should render the mixtuie acid to litmus. Tlio hydrocyanic acid is then obtained 
by distillation as descrilaal above 

Certain ammoniacal Inpiors, e.g. cokc-oveu liquors, frotli considerably on 
distillation with lead nitrate. The flask siujiild therefore bo heated cautiously. 
In genera], the distillation will lie complete wlicn 100 c.c. of water have passed 
over, say, 20 to 25 niinutis’ gentle boiling. 

(C) The method is also ap[)ticablo for determination of cyanide in concentrated 
liquor: 50 c.c. of tlio clear supernatant Ii<inor, freed fiom sulpliide as described 
above, are diluted ami boiled t<) remove tlie bulk of tlio ammonia, after atldiLion 
of 25 c.c. of normal caustic soda to fix the cyanide. Tlie cooled litpior is tlien 
run into excess of aluminium cliloridc solution, and the cyanide recovered by 
distillation as descnlied above. 

H. Phenols. -These may lie determined hy tlie mefhod described hy Dr. 
F. W. Ski rrow (see ■/. S. C. L, lOOR, 27. 58). 

0. J^yf nfme.-Or. C o 1 m a n enqiloys the method of Pe n n oc k and Morton 
(J. Amer. C. .S'., 11H)2, 24, '177), an ai-eouiit of which is given in Ijiinge and 
Keane’s Technical Mclliods of Chemical Analjisi'^, H, ii., 7J8. See also Alkali 

• Due fo the tact tint if l•alI^tu; amiiioiua (or caintie alkali) and lluosulpliatc a»-p Ixitli, 
present III the ‘.oliitmii, sulphur Jesuits Iroiii decoiiipositioii nt lea<l lluosiilphate on lioiluig 
and this sulphur in presence of lead o.xide (or aiiiinoiiia) and cyanide yields iion-volatile 
thiocyanate. 
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II<‘port, 1919. ApporfQix, for critical review of this and other niothods for deter- 
itimation of ndine. 

The following factors will bo found^useful to convert:— 

C(A into multiply by‘J'JH 1 


{NH^)X(), „ ItNH, „ ()-d6b 

TTCl „ NH,C1 „ l-KiT 

Nll^Cl Nil, „ 0-:tls 

l>NH; (Nig,,SO, „ H-8H, 

M,S(h -t (Nil,), .SO, „ l-:n7 

Ift'y ,, NHjOy ,, ,, 1-030 

„ (NM,),b’eCy, „ l-75:> 

Ht'y „ Nir,SOy „ „ 2Si7 

S (Nll,).SO, l-R'2 

S.. „ (NH,).!s,o .2-;{ii 

il.S „ (NI1,),_,S • 2 

Kxuiri.Fi: A sample gave 2 grams CO, per lUU c.c. 'fins oipmls 2T84 x 2 - 
4-:{hS grams (NIT,).,(T),. • • 


5. The Determination of Nitrogen in Orga*nic Bodies. 


The \s(‘Il know n nn‘lliot| of V <i r r c* ii I r ;i p p ami Will for th(> <Inter- 
niinalioii of nilrognn^ olhcr Ilian nitric nilrogcii, in oiganic bodies by 
conibiisfion with so<hi-limc and absoiption of llin gasctiim ammonia so 
jirodnccd III a, ni(‘a,snrcd volume o| slan<ia,i‘<l ai-id, the e\«essol whieii was 
deieiniin(“<l Iw litrafion willi slatidard alkali, Inis long bi'cn abandoned m 
tavonrol the l\ | e I d a, li I proei'ss below ). T'hi' proec.^s n| N n I i I by 
wliieli ntliogen could lie deleniuiietl m siibslanees eonlainiiig some of 
tlieir iiilrogcn m Hie lorni of nilralo, lias likiWM-i^ bc'cii entirely snpei's(‘ded 
bv the .1 o d I b a u I niodilieation ol the K j e I d a h I m<‘l bod. I lenee. no 

lnrlli(‘i ri'leremc ..I b(‘ nia<le to eillier of 1 hese met hods, tlioiigb (‘ai'ii ol 

I he II I gaae good results and was largely Usial in its da,\'. Asa. ini'ans of eon- 
Irol ovm' all otlnu' luelliods of nitrogen defermmalioii tliaf of Dii mas, 
eoiiiiMonlv know n as I 111' absoiiile in el hod,” inav bi' used. I n Ibis niel hod 
the snl)sianee is liea.ted will) copper (Fxide in a. lube so ananged that Ihe 
products of Ihe oxidaliou pass over red-liol <op[ier oxide mid metallic 
enpper. The gaseous products of Hie eombiisiiou ai'i' lieed from carbon 
dioxide, by jiassing Hirongli eaiislie ]iola>b solution and the whole of Hie 
nitrogen present in whalever foiaii will hi' obtained in a fiee slali' and can 


he measured. h’ull working delails of 
standard works on organic clie^idsl ry. 


Ids process will bo I'onml in 


6 . KJeldahl's Method, jind Its Developments. 

in Ibis |»i-or('ss. wliicli was iniroduei'il in IHHIk'a.mm«>nMini snipliafe 
produei'd bv moist combustion of the mtrogenons substance w'lHi sul- 
phiirir- acid, and the sa.lt I bus lorined is snbseimently disi died w ith excess 
ol caiisHe alkali. The fri'canimonia so prodin-ed isabs<nbe<l by a known 
^'dunieol asfandard aeffl stilntion, pres('nt in exta'ss, Hii* resiilual amount 
beingsiejt'i mined liy titration. T’lie method as originally iiitrodiieed, was 
Jipplieabie only to nitrogi'iious orga,nie eomiionnds in the absence of 

• 188H, 22, 
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nitrates, but tty various modifications it has now becn^inade afiplicable to 
all cases, with the possible exception of a few alkaloidal aniioallieti bodies. 
One of tlie many advantages of the ntethod is that the nitrogenous sub- 
stane<‘ need not be reduced to a finer state of (iivisior than is necessary 
to secure a fair sample. The theory of tlu! reactions wlierol)y tlie firm! 
product of heating a nitrogenous organic compound with si Iphuric acid 
and an oxidizing lM«!y is ainnioninm sulphate has l«*cn given by 1) a fe r t,‘ 
wlio has tfeVed ,*hp various ^teps as follows 

(i) The sulphuric acid ahstraels from the'brganie matter the (dements 
of water: (ii) the sulphur dioxide produced l>y (he action of the n'sidual 
carbon cni sulphuric acid exercises a ivducing eih^L on the nitrogenous 
bodies present ; (iii) from the nitrogenous l)odi(‘s produced Iw the above 
ivdue.lion ammonia is formed by tlie action of an oxidizing body; (iv) 
the ammonia formeil is at once fixed by the acid as ammonium sulphate. 
A shot li considers [hat tlie production of ammonia is greatly aide<l hy tlie 
hydrogen, wImmi in a nascent stale, produced hy tlie action of siilphnrie 
acid or organic matter. 

Thi.*'id(*a is Itased on the fac.t that with those bodies which afford a 
deficit of hydrogen Ihe formation of ammonia is imperfect. 

The principal ohjections to Ihe K j I d a h I jtroccss as originally carriiMl 
out were the length of tlm(‘ i'«“'piired to d(M*omi)Ose Ihe nitrogmioiis sub¬ 
stance and the small quantity of it that nas used, thus lendcring nec(‘s- 
sarv the use of a lurg(‘ multiplier to get perc»'nta.ge of nitrogen (in addition 
to the ITcqiK'nl dilHcuitv of oblaming a small, hut representative, sample of 
a given substance). By the K j e i d a h l-(t u n n i ii g process the di'conijxisi- 
tion of ih(‘nit rogenous sulisiance is greatly licsiciicd ami the use ol l-ogni. 
for the dctcrrnination is generally |>racfical)!e. IB the K j <■ I d a h l-(r u n- 
II i ng-.l od 1 ha ii er proooss substances contiuniiig some of tlicir nilrogeii 
in the form of nitrate are (‘usily dixilt with. Stronger standani sniulions <if 
acid are now use<i toabsorli Ihe ammonia distilled over, and tti(‘amoimt of 
till'former that remains nimtmfralizeil is didermined by titration with 
standard alkali solution of (‘(|ni\al(‘nt sfnaigth. In K j el d a h I’s original 
method <lrv powdered potassium |>ei‘manganate wa,stadded little bv htlle 
to the hoi iiqiiid in (he digestion itask, until a jiermanent green colour was 
produc('d, with tlie()l))cct of hasteming the process of decomposition. This 
Jiddition, however, has now liccn generally discardi'd, being totally unne(;es- 
sarywhen tin* modified processes ari' iisi^d, and basing h(‘en tonnd, more¬ 
over, to giv(.‘ low t<‘sults in some cases owing t(j the destruction ot a portion 
of the ammonia. ^ 

The Kjeldahl-(junning Process. 

(Nut applicable in the pr(‘scn<*o of nitrates.) 

In tliis proc»“'S potassium sulphate " is addc<l to the, suljiliuric acid 
and substances in the digestion tiask, by which means the oxidation of 
tlie organic matter is greatlv facilitated. Acid^ salts are thus‘formed, 
which, l>y heating, lose water more easily than acid and act as d<*compos- 
ing and oxidising media in a manner resembling the action of'•iii()»liurie 

ir. C.s 1>5H5, 24 , Ifw 

2 Dried so^luini .sulphate airswers <iuite as well and is clicaper. ‘ 
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acid at high tornperatui-es and under pressure. As a further help in the 
^arno diroetjpn tlic oxygen-carrying power of certain metallic oxides has 
been ma<le use of. 'i'lie oxides of (•oppcr and mercuiy were suggested by 
Wilfarth and #\rnold respectively. Experience has shown that 
mercuric oxide, or ev(‘n metallic mercury, gives the best results, and the 
laltcr is now widely, probably generally, used. 

• 

Reagents and Apparatus Required. , • 

]. Standard acid, wlikli may lie either siil|iliuric or liydroeldoric 
("/, or "/j aeid m used). ^ 

1 Staiidaril alkali, wliieli may he aimiioiiium, harinm, sodium, or 
polasNium hydroxide, ol' eones|ion(ling streiigtli to the aeiil. 

Strong snl|ihurie aeid free from nitrates and giving a small “ hlaiik ” 
alhnvanee of nitrogi'ii. ^ 

4. .Metallic mercury, or mereni'ie oxide |irepared*n the wet, way. 

.‘i. I’olassiimi sulphate in rongh*|iowdiM' (or dried sodinni snljihate).* 

li. Oraiiulaled ziim. 

7. Soilinni (or potassium*) sulpimie solution, eontainiiig lill gm. of 
the fused salt in a litre. 

5. A strong siilulion ofi-aiistie soda, Iree from ultra,tes, such that about 

,S(le.e. are re(|iiired to neiil ralize op ,|f (i,,, siil|iliurie aeid (li above) 
used, i'.aeh tresh lot should he tested a,nd the. niiiiihei'of e.e. reipiired for 
211 e.e. of aeiii inarkeil on the liollle. About .a-l(l e.e. more than this 
aiiiount is added to the distillalion Mask lor each 2(1 e.e. of aeid used, duo 
regard being ii.aid to Ihe prohahle amount of sulpliurie aeid dcsiroyed 
during the ..mjiosilion of the snhstanee, 

il, .\rellivl orange, laenioid, lifiims, eoehineal or rosiilie aeid siilutioii as 
iiidieator, .Methyl red, however, is stated by K. T. T h o in so ii to he iiiueli 
superior to melhvi nrti.iigt‘ for this purpose. 

Id. Digestion llasks, roiind-hottomed, holding about 2(K)-2riO e.e. pre- 
ferahly made of .leiia glass, well-annealed and not loo Ihiek ; the neck 
about ■; ineh wide and lij-d inehes long. 

11. Di.stillation llasks ot hard liolienmiii or .leiia glass of conical sliiqie, 
(i()0-K.'ill e.e. eapaeify, lifted with a riiliber sto|iper and a hiilli abovo with 
curved (l('livery tube, to prevent the spray of tlie boiling alkaline lii|uid 
Irnm being earneil over into the, eondeiiser tubes. Copper distilling 
bottles or Masks an* used by some, operators for teelmieal piirposei^ with 
good results, but in Ibis ease it is advisable lo [lut tlie soda into tlie. vessel 
lirsi, then to add the aeid lii|iij|l. 

12. The eoiiilenser. Owing to the iiiidouliled soliibilily of glass in 
freshly distilled water eontainiiig aiwniiinia, it is advisable lo have the con¬ 
denser lulie made of pure hloek tin. This should hi* about Ihree-eightlis 
of an inch wide externally, .and is eoniiecleil with the hiilli lube of the 
distilling Mask with stout pure rulilier tulje. It is suiToiinded by eitliera 
metal or glass easing, through wliieh a current of cold water is passed in 
the Usual manlier. It is very e.asy to (it up sueh an arrangement with 
tlie eqiKhaiser tubes made entirely of glass sold by the dealer.s in chemical 
apparatus. 'I'lie enil of tlie condenser tube may be siniply.insertod into 

• ’If liohassiiiin sulpliulit is used 40 gtii, .slioukl lie taken. 
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the nock of a flask containing the standard acid, or il may have a delivery 
tube <-onne(.'te<l by a rulfher leading into a beaker. c^There is no 
necossdy fordipiung rli(M|(>liverv tnbe^into the acid unless I lie temperature 
of the iahoratorv In very liigh. t 

For U'-e in niy o\\ji lalioratnry, where a large nuinl)er of agricultural 
samples ar** I'Xamined, the forjii shown in Fig. -H has bei'ii idopted and 
h:U' been found to answer well. 


The body of flu' eondeiiser consists ol an ordinary Id gallon iron drum 



Fii.. ity. « 


lillnl with w:it<‘r; tlu' pure lin disli^'ing lub(*s run through this at e^juai 
distances from eaeli oilier, and emerge at the bottom of sunieieiil length 
to dip into the vi’ssels eontainiiig the standard aeal. With tliis arrangi'- 
ment there is no ne<-essitv tor running water, and six ilisi illations may be 
enrrii'd on simultaneouslv without fear of losing ainnionia; lln' body of 
wati'V is so gnait that- the Inwei p<irtiou is ipiiti* r(,'ol after ihe dishlhitinns 
are'finislieil. In ease* of extreiiudv hot wixilhcr or in a, very hot l^vbora- 
torv the eo\er may !»> removiMl and a lumf) of iee placeil in the \t’afer if a 
large mimher of disfiilations are reipiired. 

The distilling Hasks are clo.sed with nildter stoppm’s, and Ibtcil with 
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rrhiss liull) lops ns itr Fijj. 28. These are conneeted with the t-ln tubes by 
nibber joints,find supported on an iron frame over which is laid a strip 
of wire Tlie Jiunsen l>nrnei's ft re of FI e t c It e r’s make with nickel 

^aii/e toj)s uliich a, smokeN'ss Hame of any desired si/e. 

Sowell does Ibis :irran;(eim‘nt work that during' inany Imtulredsof 
liislillations not one bri'akaLjt^ lias occiirn'd dm* to tin* In'atinfj or the dis* 
iillation. The tin condensing lubes do not in tliis cast* di]> into 11 a* 
standard acid, as various experiments liav<t jtroved it nnnvc<*ssar\ unh'ss 
llie temp(*ratur(* of the lal)or;ftorv is \<'ry hij^li. 

lb Dye r Uses a tin coii<l('nsin<t in In* (air comlensiM') rising 15-J 8 inches 
verlieallv from the <listiliinc Hask, then bent downwards ainl littinj; into 
a pcar-sha|H‘d a'la|>ter (willi lar;;(‘ ex[iansion to allow of varied pressure), 
wlios(‘ narrowed (Oid di[)s aeliially into Ihe acid. TIm* receiving Mask 
should stand in a. lank ot rumiiiij; watc'r. 

Kb X convenient stand for boldin'* lliedigi-stion thinks is shown in Fie. 
2‘.1. They rest in an ohliijne positioi^and lic'at is api)lic<l hy small Ihinsew 
burners. Willi a little care the naked 
flame can In* appli(‘d directly to lla* 
flask wilhont danger. Some (►pc'i'atoi's 
picfer lo eios(‘ till* dicestion fhisks with 
a loose!\ lilting ^das-^ slopper elon^^al<■d 
lo a ami liaxiii^ a. ha,lloori-slia.))ed 

op. Tills aids in tin* condensa.1 loii of 
any a<ad which iiiav <li-'ti!, bul il iIh* 

Masks arc loleiablv loiic m the neck, 
tlicrc Is piaclicaJly no loss i)t aci<l i‘\- 
ci'pl ,is SO,, wliicli occurs in anv cas('. Fio. -l>. 

fl Is almost nectllcss lo sav llial the 
'digestion 'liouki be dom* m a. fuiiK* chtsd \\ilb ^oiod dran^dil. 

The Process. Prom O-rj-.") om. of the* siibstanre. aecordinj' lo the 
p(‘iven(a.j;c ol nitroj^en pre-ent, ar<* put iiilo a dij((*stion flask, aboul 0 7 
^m. ot mercurv added by means of a dropping lube marked to delivt'r that 
amoiiiil and ke[)l lor the piii’pese, tln*n 20 c e. of sulphiinc acid (2) -or 
2()<-c if ncccssarv, as in the eax* of s<inie Inilkv \(‘^a‘tah!e siibslaiH*es. 
i be flask- cil her with or wilhoiit a loosely fit!inj^ hollow stopper inad4* of 
linn class ' (see 12 ahovi*) -is pla,ce<l in an inclined posilion on w ire cauz** in 
a coiiM'iiK'iit stand 4W’era, Ibinx'ii bnrm‘r. and lii'aled, ^'entlv at first,dill 
irolhinc has ceased. Tin* heat is tin'll |•ais(*<^ unlil tin* acid boils briskly 
and tin* Imilinc contiriucil for^ahoiit bo minutes. The flask is then 
momentanlv removeil to a cork mat, 7-10 ^mi. of jiolassiiim sulphate 
(o) addl'd, and the hoilinc |■esulm'd, .'ijo further atti'iition is ie«|uire<l till 
the <-on|ciits t)l tin* fla.sk liavt* la'cmiie a clear )i<|iud, which is coloui’less or 
at most has a vi'ry pale straw colour, the tinn* oc<-uph‘<l hcinc usually 
Limh'f an hour. Tin* Mask is Ihcu allov\(‘d to cool ainl tin* coiit<*nls are 
diluted with wab'rand transferred to tin* distillation Mask, tin* ili^tstion 
Mask Ix'inc well rinx'd anj ahoiit 2.‘i0 c.e. of wafer used alloc,‘fher.” The 

' rf*i'otiiiiM-ii(is thi^, ;iii<l loincc {Tir/ni. Mrlh. Anul , \'()l 11, i 27i> ami 171) 

■'tntc', iliai It IS nrr'cssary. As tciirlni;^ to pH'vciil. uinhic* coiicciitratteii "I tin* ,ocnl li<|uid it 
is ifeculislly ;,.[\apitaf;eous See “ Notes ” on p. 00. , 

■Any hp.ify siliocons resnlno should bp washcil l)y deoaiitation, iml n»sp<l into the 
dHlillfit.ion hask, wl’ore it would canso heavy Immping, not to say a breakaKP, 
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proper quantity of caui^tie .soda solution (8) is thonn^idcd (accoitiing to the 
amount of sulphuric acid u.sed to dceoinposc the suhsfaticf). tluui 25 c.c. 
of sodium sulphide solution (7), and h few pioccb of granulated zinc, which, 
by generating hydrogen, pivvents bumping. Tin* fla>^k is at once connected 
with the cond<‘ns(‘r and the conteiUs :ire distilled till all -inimoniahas passwl 
over into tin; receiving Hask, into which has previously Ihhui nuMsured an 
Rinount of standard acid move than suftici(Mit lo neutralise the ammonia 
distilled dver.», 

This operation generally rccjuires abou»t 80 mimitc>. If the li(|uid 
frotlis liailiy a small piece of paraffin wax, Hl>out the size of a pea, sliould 
be adde<l. TJie distillate is fltcn titrated with st:mda.id alkali, either 
directly or by ninniiigin a lev«‘l mimber of c.c. in excesNand titrating 
residually. 

Ni)i<'!i oil, (hr —Care should be taken to prevent too great con¬ 

centration of the ^fioiling mixture in tlie digestion Hask tlirougli lo^^s of 
;icixl, as, in these cin-umstjuices, lluii’e is daiigc'r of a lo'.s of ammonia hy 
volatilization, owing to ttie high temperaiiin' attained. This was ))ointed 
out hy P. A. W. .Se! f,* who showed that tins lo^s occurs when tlic tern* 
peratun* of the mixture of sniplturic acid and p(»fassiuni sul[ihato rises 
above a ci'rtain point, and is very marked as thclnpiiil <i|jpro.xiniHt(‘s to 
the composition of potassium hisiilpliati'. Toa\oid this |os>, it is rreom- 
mended that the amount of siii|)hiinc a< id used should be siicli tliatat 
least 15 gm. remain in tlu‘ free state at ttie end of the digi'slion pixwess. 
Not mor(' tlian 8*5 gm. «»f a ccical or otiicr sid>staiu-c coii'isling ciucllv of 
C’arbohy<lra.l('s, or fiioiv itiaii 8 gm. of a substance i.*uiilajning 5 to Id piu' 
cent, ol fat, slumld lie iligc'^lcd with 25 r.c of siilpluii ic acid and 12 gnu 
of potassium sul|)luitc. K. (,'a r p i a u x ^ confiriiis tin' abo\ (> in c\’ciy detail, 
and recommends that only nioderafe amounts cif potas'-iiini sulpliatir 
should be usi^d and that the digtstion sliouki not Ix' unduly jirolonged 
after’ the siihstanee has lieen completely deconq used. 

In tile case of feeiling cakes and substaiM’cs containing sa<’('liarine con¬ 
stituents it is a goiwl [ilaii to place the incn-ury and a,bout 10 c.c. of siil- 
[iliuric acid in tfic digi’stion flask first, then lo add tlic .sample and linally 
the rcmairidcM’of the 20 c.c. of siilphuric acid. The flask should Ilicn !«* 
heated gently, with occasional shaking, on the c<ige of a hut plate till 
frothing has i-eased. 

•Cheese, milk, <*tc., giv(‘, aftm’ <liH*oniposition, solutions winch froth 
ba<lly in the ilistilkiiion flask, i'o avoid this, It ro w n •' rcconiiiK'nds that 
the solution obtained after d^'uomptV'ilion by sul))liuni’ acid be diluted 
with water to aliout lOO <•.<•. and boilixl firiskly in the digc'slion (Ia,sk until 
only about 40 (uc. remain. On, transrerring lo Ihc distillation Hask, 
diluting, and a<Ming caiistn- soda, etc., as usiiai, the distillation can be 
carried out wilhtmt the least trouble. 

. In place of 0-7 gm. of mercury for 1 gm. of nu'i’eiirii’ oxide) 0-5 gm. of 
anhydrous cojiper sulpliatc may be used. It has beiai foundj however, 
that nu^rcury has the grivUesi effect on the oxijjation, so lliat tiu' diieom- 
position recjuires appreciably l<‘ss time lliati when eopper sulphaf^i is used 


’/*../., 1012.88, ‘6M. 

X. JOld; 102, 51. 


- Jvuu C/tiin. mill/., 101,‘t, 18, tlly. 
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(Smi.'thani and ntlmrs). Wh«re mercury is used, sodium sulphide is 
nddcd in ord(fr to pi'ccipitate tlio mercury as sulphide and so f)rcvent the 
lorinationof mercuro-:i.mmnninm co^mpounds, which would cause a deficit 
in the yield of ainnwnia. 

A blank detenmnation should lx* made by lu'atinj^ 1 of pure cane 
^u^ai- with 20 of sulphuric acid, mercury and potassium sulphate 
being ad(h‘d, etc., and tlie distillate na-eived in 5 e.<'. of '•/s acid. To tills 
ot caustics soda are added, with a drop of methyhorangc or other 
indicatui-, and ^/s acid run iti till the colour change lakes jdace. With 
good acid 2(1 c.c. give “ blanks ” ra,nging from Od-O-;^ c.c. of acid. 
The amount so lound is, of <-oursc, diMliudixl, in acfnni determinations, 
Irom the amounts ot standaid aei<l neutraJized ; and if more than 20 c.ca 
ol acid lia,ve heeii used the blank to hiMleduet<;d will be iiroportioiiately 
increased. The uh* of cane-sugar i'. to reduce any, trace of nitrates that 
mav he |)res(‘nt in tlu' snlptinrie acid. « 

K.XAMi’Lr;: 2 gm. of horu'-nical tjri\.cn. • 

;>0 c.c. ot acid measured into rh(‘ receiving Ihisk, and o'o c.e. of % 
alkali were retiuinvl altei- tin' distillation 

oO - rro 24 5 
less “blank” O'b 

24-2 : 2 - 12-1 - :{;i0|)ei cent. N ^ 4-|2 per cent. MI3. 

Ihe K j c I ilah l'<i u nn i njr.jod I baue r Process for the Deter¬ 
mination of Organic Nitrogen in the presence of Nitrates. 

I'lns modilicaiion was intiodiiecd to nu'et, the <htfieully caused by the 
biss n| nilioocii wlnm a nitrate ih a«'led (ui l*v siilphnric acid. Many or¬ 
ganic c(im|ioun<!s rapahic of forming nitro-compoimds m these (ureum- 
daiices were tried - c.g. phenol and hcnzoie acid -hut salicvlic W'as finally 
lound to give the best results. 'I’hc {)rocc(hir(' is as follows. 

First miv in a. l)(‘a,kcr dO c.c. of sulphuric acid (d) and 1 giii. of .sali- 
cvlic acid.' Nc\t place in a digestion flask a wi'igluxl quantity of the 
'iih>tancc |o Im‘ ana,lysed {iisiialiy O'd-o gin.) no meivury hi>ing added at 
tins stage. Now pour the acid in the h(‘a,ker iiuiekly into the Ha.sk, so as 
h) cover Hie whole ol the sami>le, at tin<*e. A1I"W to stand for 10 minutes 
in Hie (Mill, with iweasional shaking, taking care Hiat tlie lempm-aPure 
do(N not nse a[ipn‘ciahly. Should the Hask IxH-ome pc'rcejitihly warm it 
must ho at <mee placed in eol^ water, or even, if necessary, in ice and 
wali'r. At the end of 10 minutes 1 gm. of zinc dust,••s isaddeil in small 
port ions at a Hiiu!, wit h shaking, then ll'T gm. of iiuM'eury and lln‘ Hask and 
‘•onteuts heatod gently till fndhingis over. Potassium sulphab* (7-10gm.) 
IS ad(ied and tlie process finished as described above (K j e Id a h 1-G u u n- 
(n g Pro(.(‘ss). 

A “ h[a.nk ” with all ri'agents used is made as bi'fon*. 

' It IS liesl, to itiakc tlie imxtnre iminediatcly tiefoie use, imt tn ni.ikc a iiiiantity to 
loiiu a sftjcl^.sohifuin, 

“Or.uiul:ite<l zinc (ir znio tilings will not answer, b gni. ol ciystallizeH sodnnn tliio- 
'^'•'I'liati' may lie used ni place of the zinc dust. U giv»'s (similly^ood rcsnlts, Imt lia.H the 
oisadvaiitage ot caiusing considerable Irotliing. 
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Theorij of Ihf ./ o d i b a k c r FroceKfi. — Tlic theory of the prO(.*css hy whi<;h 
fijilicylie aeid converts nitrates into aninionia is as follows 

1. When salicylic acid and sulphtiric acid are added to a nitrate in the 
cold, the sul[)hnric arid i:ik<‘s np water and one oft the hydroycM! atoms 
of the salicylic acid is replaced hy NOj. forming nitro-saJicylic acid. It is 
prohahlv luononilro- and not dinitro- sa!i<*vlic acid that \> formed, thus 

fJINO,-f 11,80.- r,il,(NO,)Oll(H).Jl-i H.SO, + 11,0. 

2. When /fine dust i:na<l<l»*d the nascent. hydro}>en ]>rodn<‘ed reduces 
the nitro- to aniino- salicvlie aci<l a-' fotlowj'*:- - 

(;..H,(*v>,)OH(X),H I :m,+ h,so. -r.,n,(Nii,)Oiico_,H 1211 , 0 + ilso^. 

11. ilv the action of strong Milphuric acid and heat tlie aniino-salicyiic 
acid breaks up with th(‘ lormation of ammonium sniphat<‘, <X),. SO, an<i 
watt'r, as follow s ; 

2CJI,(NH.,)01l<X),y + 2.Sll,SO, - (Ml.bWO, H lUX"), + 27SO, + ;i2ll,0. 

ln|)laceof a n^easiireil amount of standard acid in the fla'k used to 
«reeeiv(‘ the distillate in eitlu'r of Uic .tl)o\ c processes, I.. W inkier' rc- 
comm<‘n<ls boric acid as an absorption mi'dmin, the adxantage Ixun^^ that 
the ammonia is afDuavards titrated directly with standard hydrochloric 
acid. The method of procedure is as follows •— 

The distillate (2(M)-3(M) (•.<•.) from the ammonia<-al liquid is jusset! into 
a cooled n'ci'iver containme \{) <;ni. of bnric ari<l in HM) e.<-. of distilled 
walei-. .V uarrow-nerked reeidver. e.^c a Soxhlet llask, is pref<Mal>le, and 
the mouth should be cIo.mmI willi a wad. 'I tie receiv<*r is rooled l)V water 
and flu' usf <ifa enmleiiser mav bedi'pensed with. Tli(‘dis(illat<Ms titrated 
with ^/lo or ^ 1 :, hydnieiilorie aeid, iisinr coneo red or methyl oian^e as 
indicator. Kor eicip aerurac\ water free from (X), is usc<l, a. bone aeid 
solution eontaininj^ tli<‘ same amonni of indicator is iis^d as a, colour 
standard, and the hydrochloric acid is standaidizcd hy dislilhiie ;i. w eirdie*I 
(jiiantil V of pure ammoiiiiim cliloruh' with alkali under sinuiar conditions. 
Ih'snlls ol liieli accuracy w<‘re thus obtained. 

For siK’h piawlmds a> .'tjii iil o.r/dc, ct<'. (wlicrc lliiocyanates, fcrrix-yaindcs, 
and d(mt)le cyanides such a^ F<‘;(CN'),h arc present) K n u b 1 a, u <• h ^ivi's 
the following details ot procedure: \ ^m. of the sample, dried aibh' (1., 
is treati'd with 10<-.c. of snljtlniric acid, idlowcd to stand for5 minutes, tlien 
heated eeiitly lor 20 minutes, and atterwards hoi led bn- 10 minutes. Ahiuit 
0‘25 ^mi. mercury (or ()-0.‘) em. OuO) is now ad<lc<| and the mistiii’c 
botled for I hour. Tlien dilute witli wafer, add excess of NaOU, then .o 
e.e. sodium sulphiile solution ns usual, and distil olf the ammonia. 

For the determination of nitrogen i|i niti’o-siibslitulion compounds, 
sueli as picric acid and nitroolcrisatiycs of toluene, W. (’. (’o|ie - recom¬ 
mends the following niodilicati<u% which, howc\<‘r, doi's not j^rood 
r(•slll^s with tetranilro-aniiine, tel ranltro-mcfhylanilinc and dmitro- 
naphthalene. 

To about 0'5 j;m. of the siihstaiice in a Kjcldahl <li},a‘stion Mask ad<l a 
solution of 2 of salieylii' aci<! in ItO e.e. of 00 |M'r cent. sul|)huric 
aeid ami let stand in the cold, with occasional ^.liakin^;, till tin* substance 
is dissolvc'd. Then add 2 ^mi. of zinc diist, in small portiops, with 
coolinj;. Aft(*r standing for to 2 hours, with shaking at inbVvals of 10 

ti. i'., ini3,26, Vn an.i 1914,27, mo, 


/»>/. Kill/, cjini^., lOU), 8, 592, 
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lo 1.') niiiHiti’s, ihi) Ilask is left overnight, tlicn lioated over a small flame 
mill! fiime'^ ar^ no longor evolved. The solution is hoiled ior 11 to 2 liours, 
I <'111 of vellow nKU'cnrie addc^l, mid again hoileil for I to 1^ hour, 

■•ooli'd, T'o gm. of ix^assinm sulphate and ID I'.e. of sulphnrie aeid added, 
and a'siin hod<‘d for 1.4 lo 2 hours. Tf the solid ion is not elear an<l almost 
eolourloss. I gm. more of jiotassium sutjdiate is added, and boiling eon- 
tinned for a further ^ to 1 hour, d'hi* solution is flnni transferreil to a 
distillation flask, Ho-dO e.e. of sodium hydroxide solutioi\ (7o{> gm. [ler 
lil re), 2") i-.e. of potassium si Ijiliide solution (80 gm. per litre) and 1 gm. 
of granulated zine a<hled and tin* ammonia distilled oil. 

7. Method of Ronch^se.' 

'I'liis method depends on tin' faet lhal in tin' jiresimee ol a large exi ess 
of loninddeliyili' ammonium salts foim lu'xapiethvli'ue-tetramine, 
(se<‘ uinler t’ormaldi'livde). 'I’ln' liheraled a»iid titrated ^hreetly 
^\ltll standani alkali gives a ineasiue of tin'eomhined ammonia. Tin- 
method inleresting, and nhviati's distillation, hut is ot limited si'ope. 
.1. M. W i I k i e ' lias im)H’ov(‘d it,, am I J!. (ji. J5 e n ii e t (•’ has appin'd it to 
till'determination ol liide-sn)»stpanee in U'alln'r and tannerv liquors. 


ACETIC ACID. 

<::,ii,(>.. (;(t-i):t2. 

Ai'i'tie anhydride (IJTO. - U)2-nlK. 

In eonsi'qin'iiee ol the diserepaneies existing lietween tlie sp. gr. of 
sltong aeetie aeid ainl its aetual strength, Hie h>drometer readings are not 
jeliaMe ; hul the voltimetrn^ deleniiination is now rendi'red extremely 
aeeiirati' hy using pln'iiolpiitlialein as iiidieatoj', aei'tati’s ol the alkalis and 
aJkaliiK' I'arHis having a. perfeelly neiitral lioliavioiir to this indicator. 
Kven coloured vinc'gars mav he titrated whi'n higldv <liluted. Wliere, 
liowever, liie eolour is too dark for this method to succeed, I’etten- 
kofer’s method of )H‘oc('dm‘e is tin'liest, and tins is ('iidorseil by A. it. 
l;(‘eds.‘ 'I’lie l.aller lakes ott <-.e. of the vinegar ainl oO e.e. of water 
wiHi a. drop of pheiiolplilhalein, tlien adds ^/lo baryta to slight exei'ss. 
This ea,Uses tin' organie colouring matters to si'pai’ate cither in theciikl 
or on warming, ami lln* exei'ss ot baryta is tlien found by titration witli 
”/io a,(‘ill and lurmenc ])aper. 

Si-veral proeesses have at varhVts times lieen snggesh'd for tin' aeiairate 
ami ready determination of aeelie aeid,^imong whirh is tluit of (1 re v i I le 
\V i 11 i a. Ill s, l»v means of a standani solid,ion of limi' syrup. The results 
ohtaim'd were v«*ry satisfaetory. 

(\ Mohr’s process consists in adding to the aeid a known excess 
of precipitated neutral and somewhat moist oaleium earhnnati*. When 
the deeomposdmn is a,s yearly as possilde complete in the cold, the 
mixture mimt he heated to expel the CO., and to complete the saturation ; 

ZVeo///. 11107,1511. and .t Hid,Vi/, 1907, 32, :i03 W. C'. /-. 1910, 29, 6 

3./. .V r.J., 1909. 28,291. V. d- n, 741. 
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tho vRRidual carbonate is then brouglit upon a waslied with boilin^^ 
water, treated with excess of normal a<-id and titrated bacl| with alkali. 

In testing the inijaire brown p^irolignouus acid of commerce, this 
method has given fairly accurat«‘ n'siills.' ^ 

Tho titration ol aecdic acni or vinegar may aUe lx; perfoiatu'd hv the 
ammonio-cupric solution described on p. 5(1. 

. I. Free Mineral Acids in Vinegar. — 11 e h n (• r has dc'vised an excel¬ 
lent methbd by tlus jairpt^si*.- 

Aeetates of tlie alkalis are always pr<ii(‘nt in commen-ial vinegar; 
and wh(‘n such vinegar is e\ni)orated to drym'ss, and th(‘ ash ignited, the 
alkalis hre convert<‘d into <"irbonates having a distinct alkaline rea<dion 
on litmus ; il, however, lh(‘ ash has a neutral or acid reaction, some fr(M* 
mineral aciil must hav(‘ heeti in-esent. The alkalinity of the ash is 
diminislual iri exact ))r(>poriion to tlie amount t^f mimu’al acid julded t«i 
tlje vinegar as an adulterant. 

^ iMktiiod or PjiocEDi'iU':: 50 e.e. ^>f the vinegar’ are inixerl with 25 e.c. 
of so<la or |>otash, evaporate<l todrvncss, and ignited at a low red heat 
to convert the acetates into carbonates; when cooled, 25 4'.e. ol *'/io acid 
are ad<lcd ; the mixture heated to e\|)cl and lilf<‘red ; afUn’ washing 
th(5 rcisidne, the filtrati* and washings are exactly titrated with % alkali ; 
the volume so used giva's the amount of mineral a< id pr<‘sent in th<‘ 
50 e.e. of vinegar. 

1 e.e. »/io alkali - 0*0(U1) gm. II,,SO, or O-IKKhUT gm. 

If the vim^gar contains more than 0’2 p»‘r rent, of mim*ral .nod, nior(‘ 
than 25 c.c. of alkali must h(‘ n.st'd to the .50 v.r. vinegar hefore (wapo- 
rating and igniting. 

2 . Acetates of the Alkalis and Earths.— These salts ar«‘ converle<l In- 
ignition into earlxinates, and can lie then I'esidually litraled with normal 
acid; no other organic acids must be presimt, nor must nitrate's, or 
ainiilar compounds (h'composabie by h(*at. I e.e. normal aeiej -- (HHi gm. 
acetic acid. 

3 . Metallic Acetates. —Nc'utral solutions of l(‘a,d an<l iron acetates 
may be precipitated by an exee'ss ot normal soelium or potassium earlionate, 
the precipitate well hoiled, liltered, and wasln'd witli hot vvalcr, the liltralt' 
and wasliings made' up to a eh'Hnite' volnim', atxi an aliejnot portion 
titrated with **/io acid; tho ehtfi'ri'iu-c belwiM'u the epumtity so used and 
eal(,;ii)Hted for the original volume of alkali will n'pn'sent the acetic acid. 

If such solutions contain free acetic or mineral ai'ids, they must Ik' 
exactly neutrallzc<l previous to treatment. 

If salts other than aei'tates an' pn'sc'^t, the process must he modified 
as follows: -- 

Method of Paoi’KiiruE: Precipitate with alkali I'arhonate in excess, 
exactly neutralize with hydrochloric acid, evaporab^ tin* whole or part to 
dryness, ignite to «'onvcrt llu? jw'ctatcs into carbonates, then titrab' residn- 

^ A. R. Le ed s {/(«'. ci/.) lira loinul tins inetliful to aaswi^r, which I tliiuk mn.sl he 
•hie to using dried cnlciuni carhuoute I liave only used ir for coiimim-ial worjd aoid, and 
the figures obtaineil hy nio were the li glii-.st among several other methods: hut,it i.h im¬ 
portant to mention that the CadO., sliould not he tlioroiighl) dried, ami tlmt'its alkalinity 
should be known. 

A-it(dj/st, 1875, 1, 1G5, , 



ACETIC ACID. 


95 


;iiiv with norninl acid. Any orj^anic acid nthor than acetic will, of course, 
ivcord itself ii*lornis of aceti<' acid. 

4 . Commercial Acetate of Lim^. -TIk* methods just describe<l are 
iiffen valueless in tl»*; case ot this suhsjane<‘, owing to the presetice of 
Uiny matters, which readily ]»ro(iiicean i^xeess of earhoiiates. 

F re s 0 n i n s ' adopis tlie h *11 owing process for toleralily pure samples . 

.Mi'ii'iioi) OP l*i£Oci'U)Ui{K ■ f> gni. are weighed and transferred L(\ a 250 e.c. 
fla^k, dissolved in about 150 e.e. of water, and 70 e.e. of normal oxalic arid added ; 
the flask IS then well shaken, and filled to tin* mark, 2 c.c. of water arc addod to 
allotv for tlio volume occupied by tho precipitate, the wliole is again wel’ siiaken 
and left to settle. The solution is then liltcrod through a dry filter into a dry 
flask . the volume so filtered must exceed 200 c.c 

100 c.c. aic first titrated with normal alkali and litmus ; or, if highly coloured, 
hy help of litmus or turmeric paper; the volimie list'd multiplied by 2'5 will give 
the volume for 5 gm 

Aiiotlier 100 <■ c arc precipitated with ^lolulion of pure oalcumi acetate in sliglif, 
excess, warmed gently, the preci[)itate allowed to settle somowliat, then filtered, 
well washed, dried, and strongly ignited, in order to convert the oxalate into 
calcium carhoiiate or oxide, or a mixture of both. The residue so obtained is 
then decomposed with excess of normal acid, and titrated residually with normal 
alkali, fly deducting the volume of acid used bo neutralize tlie precipitate from 
that of the alkali used in the flrst 100 c.c., and multipjving by 2'5, then' is obtained 
tlie voiiimn of alkali expressing the weiglit of acetic acid in tlie 5 gm. of acetate. 

I n tlio ciiso of \cr\ iiiipiin' uinl highly ciilmirml samples of acohili*, it is 
only possihli' to iloioniiim' llio aci'iic acnl by ilistillatioii with pliusphonc 
aciil ami wali'i :unl then lifraling IheaenI <hre<-f wtih ^/jo alkali, each c.c. 
ol whii'h |•ept•e.sent^ ll-OOl) gni. aeel le acid. 

The (list I Hal ion is best eari'ied onl as snggc'sled by ({ 1 a d d i 11 g.- 

.Mki’Hod ok J*hook!)m;k : ‘i gm. of ihe sample are distillod with ‘M) c.c. 
ofwaierand 10 c.e. of phosphoi ic a<’i(l sp. gr. 1 '70 in a long-neckcd flask 
oi li(K) c e. eajiaeitv for li hour, the volume being kept constant bv the 
continuous ad<liliou ol (lO^d'n'c waior, and IIk* distillate collecti'il in 
standard alkali solution. Concordant results an* obtaiiieil with varying 
concentrations of aei'latc of lime and phosphorii? acid. A cni rent of steam, 
as iisi'd hy V r es e n i n s and (t r 11 n h u t, who <'ond<*mm'd the method, 
lea<ls to fanltv lesnlts. 

\V e l)(‘ r ' lias devised a ready and fairly aci'iirate metliod of deteriidn- 
Mig the n'al acetieaeid in samjiles of aeetati' of linu*, l*ased on the faet that 
aeetati' of silvi*!’ is iiisoliihie in aleohol. 

r 

Mkthod op Pkoceduiu:: 10 gm. of tho sample in powder are placed in a 260 
c.e. flask, a little water added, and hcated^dill all soluble matters are extracted, 
coolcfh and made up to tho mark; 25 c.c. are then filtered through a dry filter, 
put into a beaker, 50 e,c. of absolute alcohol added, and the acetic acid at once 
precipitated vvitli an alcoholic solution of silver nitrate. Tho silver acetate, 
together with any chloride, sulphate, etc., separates free from colour. The pre¬ 
cipitate is hiougliL on a filter^ well washed with GO per cent, alcohol till the free 
silver is removed; precipitate is then dissolved in weak nitric acid, and titrated 
with solution. ICacli c.c. represents 0*000 gm. acetic acid. 

' ^ «. 13, Ifi.'k hill, aud hill/, f hfiii., 1909, 1, 25U. 

•'/. GM 
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Scvcnil In.'ils in comparison with the distillation metlmd with 

pho>i)lionc acid "avo practiealiv the •^hiik* results, i 

5 . Acetic Anhydride, C 4 H,—'Aetdie anhydride* is li>drolysed by 
wate'f at ordinary temperatni't*^. , 

<VI„(), 4- lU) -- ‘iaUjO.,. 

"^I'hus, this suhstanee* nias" be* af'saye'el l>y ;i^itatine;i, known we'ij^ld with 
OO.-l'ree \l'att*r, ami titratinj^ tii(> aeeli<- aci<l tornied wilh stamlard barium 
hydn»\i(h‘ dilution and phe'iiolphthaiedn. < 

Wlu're it is reMpnn'd to e!et»*rmine aeedie :iei<l and aniivdride in tlie* 
pr(‘sen(V‘ ot each othi'f, a*^, in a. ''amjih* ol aiihydrale* which contains 
acelic acid a,s an im|)Ui ity, the following proeaHlure* may be* aelopteil, 

M RTHOl) OF l‘Kot'Li)|iai-: • Place*a known wed^lit of the sample*,<‘oiifaim'd 
in a small ^la*'^ Inilb, 111 a known volume of slanelarel Ba(()ll), sohitiem in 
excess, say, 2o0 c.o. ^ho alkali ^olnliem ba- abeuit I }^m. e)f the* sample*, in a 
jtiask. Conni'ct the' tla^k with a rellnx ce)ne{(*nse*r fitteel will) aseeda-liim* 
fnbe. ami warm ^u'litly until the* anhyelriel** i^ di^siilve'd, i)i,sconne*cl lh<* 
flask, ami titrate^ the* e‘\ce<^ e)f alkali ovi'r the ae e'lic ae-iel forme'el with 
stanelarel hvdroclilorie-aciel ami phe'iiolplithale’iii. 

In the we-i^ht of sample take'n lor analysis («-) if <t — ace'tm ae-iel pre*- 
se'nl as the* fre*e* ae-ie|, anel h ^ anliyelriile* prevent as ^iie-h, the>ii ir ^ a + h 
( 1 ), ami the* ae-clie- aciel forme'd by hyelreilysis eef h is se*cn lo ht* 




■h 


120(h;4^^ 


I ’ir^ib fi. 


Thus, the teelal ae-i'lie-))n"-e‘nl afti'r hvilreilv-i'-, r <( 1- 1 •17(h;/»(2). Ui*- 

solviii" (I) ami (2), h - (c - (r - //•), 

V beiiij; ”i\e-n by the ai-e'ln- aciel e-ipnvalenl eel (he* barmni lne!ro\ielc 
noutralize'd by the teetal amount e)f ae-e*lic acid jircse'nt afle'r hv'lrol\si>. 

Assay of Acetic Anhydride by the Aniline Method' (M e 11 sell n t k i n 
ami Vasilietf, l 8 Hh). Internalioual Me'tlu'eel, 1011, in e-onnectiein with 
tlio analysi'' e»f e rnele j^lye-erol. 

Mftiiod or I’uooKDi im: : lute) a. we*i^dieel stoppe‘i<*el ve*:^sel, contain¬ 
ing 10-20 e.e-. of water, run aPoiit 2 c.e-. of the* anhydriiie, replae-e^ 
steippcr anel weigh ; alleiw to slanel, with oe*casioiial shaking for seve'ral 
hoars, till ail anhyeiride* is liyeiredysod, them dilute; to about 2 (K) c.e., aelei 
phenolplitlialein, anel titrate.* with **/i caustic soda{froe from carhonato. 
This gives tlie total acielity elne to Iree ae-(‘tic acid in the. sample anel 
to the acetic acid forim‘d trom the* anliyM^nele;. (Note*.— It is prefen'ahh:* 
to perform the hyelrolysis in a kiown exe-ess e>f % soela, titrating hack.) 

Into a stoppereel ve'ssel e-ontaimng a known weight eif rec(;iitl>-dis- 
tilleel aniline* (from 10 - 20 o.c.}, and standing in ice-cohl water, run about 
2 e*.e-. of the; sani|)le, replace* stoppe*r, agitate*, allow to stand in the* cool¬ 
ing w'ater a fe‘W' ininnre*s, and weigh. Aeld about 1(‘0 e-.c. of colei wate.'r, 
and titrate tlie acidity as before*. , 


Klni(h/s(, 1911 , 36 , •04; e^lrtoii and Jone'e, J <\S., 1912 , 101 , ] 7 i,l ;Hewilt 
uiul L u Ill sd t* II, J.S.C/., 1910 , 38 , 21 *); Kadclillf and .M t-il o J s k i, J.SA'.I, 
1917 , 36 , 02 -!: KichtDOud, Aiudyd. 1917 , 42 , 
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The sei’ond titration jifivcs the acidity duo to the original, preformed, 
acetic aci<! ulus ono-lialf the acid due to anliydride (the otlu'i* lialf • 
having fornuMl acetanilide). The s.K*ond residt is su})traete<l from the 
lirst (hoth <‘alcnlattd for 100 gm. of sarnph^), an<l the result dou))ied 
the c.c. of N/i soda consunuMl p('r 100 gm. of sa.m|)le. 

I c.c. ”/i smla 0-i)ol gm. acoti*’ an)iv<li ide. 

In this l•('a<'tioIl acetanilide is formed thus : - 
(CH„.(X»),0 + CJCXIL C„ll,. Nil. OOCH, + (l|l.,(:?)OII. 

BORIC ACID AND BORATES. 

Ihiric anhydride B.X); - Oit'H, 

Bone acid - 01 ■024. 

Sodium lioratf' Na.oBj ()7 - 

„ „ (crysi.) Na,Bd) 7 . 10H-.n -- ;W|-7C. 

Till' voluim'Inc di'termination of horn' acid • forniirlv ]»rcsentcd great 
dillicultii's, hut tlies(“ lia\e now hciMrnvercimio li\ (he fnllowiiig methods, 
which ari' <luc hi U. 'F. '1' h o ni ^ o n.“ ^ 

Method 1. -Tiiraliou ol a lioralc i»\ a mimu'al acid. U'-ing as indicator 
metln'l orangi', winch is unallcclcd liy hnric acid. In llici-aseof horax 
the following reaitiou takes place: 

Na.B.d- i Na,S(). -i 411,110, 

‘ r I 

201 0 OH-070 

{100 S) (40-l);t8). 

Hence 1 litre of N.H„SO, - 100-Hgni. Na,,B.(): 
or I c.c. N . H,,S(), - 0-I00.S gm. Na.,B,(^ 

O-IOOSH gm. NaJVX, lOlLO. 

K\'\mpi.I':: l’hP‘5 gm. of mkIuuii ImrutiC dissolved in tiO e.e. of water icqiiircd 
l(c7 c.c. of lioimal acid. 


l(;-7 . •lOdS y 100 


i-iiy.'t 


- 1()0'02 percent. Na-.B/h. 


Melhod'J. Titra.lioii of free hone acid hv stamhinl alkali m presence 
of glycerol. Using as indi<‘atoi‘ plienolphthakun, to w liieli horie neid hehaves 
as a inoimhasie aeid. Ca,rl)on dioxide must not Ik‘ luesmil. 'I'lie follow¬ 
ing reaelioii ta,kes jdaei* • 

II. BO, t- NatHI - NaBO, + 211.,O. 

I I 

rd-024 -y)-(M)H 

IleiKT, 1 litre of N. NaOH 01-024 gm. H,BO, 
or I e.e. N . NaOlI O-00t024 gm. II JtO,, 

-- 0-.704 gm. Na.dljO; 

0 00544 gm. J0H.,<). 

^ Tbcoreticjil considcratious mdicfilc lliat hone acail might possilily In- tilratcd dtriTtly 
with tiiU-ritlilc f-xactjicss hy the sclin-limi of a siutahh' uKhcator. 'I’l-op-n-olin O, in 0 0-1 per 
cent, solution, has lx*i*n found tS sucn-cd with pure .solutions ol hone acul. using Og'i to 1 o e. 
of the iiMicjy,or. ]'■ tlie solution In* saturate,I with siHlinnt ehloiide, very dilute couoentra- 
tions of Iwru! acid may In- titrated with as much accuracy as strongiT solutions (l*r i d nau x, 
/. anor.j. 1913 , 83. 3 () 2 ). 

■J. s. (;•!., 12 , i : b . ’ 

7 
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Method of I’liocEDCRK: To tlio u<jueous solution of a borate add 
methyl orange ami run in normal acid from a burette titl the solution 
just beeomes |)ink. Boil for a short time to expel 0(.b, cool, and add **/i 
or **^5 soda till fl)<‘ solution just assumes a yellow tii g(‘ (an extra drop of 
methyl orangi'solution having iireviouslv l)oen addixl if necessary). At 
this stage all the hoi ii* acid will be in th(‘ fre<* state,as shown t y equation 
given under Mi'tlioil I. A<ld g!y<-(‘nu in such proportion that the solu¬ 
tion after titratrion will contain at lixisl dO pic <-ent., then phenolplithabdn 
and run in ^ i or soda solution from a hurette until a permanent 
pink colour is prodnee<l. If necessary, more* glycerin may be added 
during the titi-ation. Tlie lairie acid is r-alcuiated by means of t.lie factors 
givim above. 

In the case of boric acid of commerce, which generally <’ontains salts 
of ammonia, 1 gm. may be dissolve<l in liot water, a slight excess of 
sodium caibonat«‘ added, and thesolution boihai down toalanit half its 
l.mlk to expel ammonia. .Vnv precipitate which appears may tlien be 
filtered off, and tlie filtrate titrated as already descril)ed. 

The motimd may also l»eappli<’(l to horacib^ and borate of lime by 
dissolving I gm. of eitiier of the>.c minerals in ddute hydrochloric acid 
with the aid of heat, nearlv nentrali/ing with caustic soda, boiling to 
expel (’0^.. cooling, exactly neutralizing to methyl orange, and continu¬ 
ing the iletiM'ininalion as in borax. If much iron is pres(>nt, however, it 
should h(* removed by a |)rcliminai'v treatment with sodium rarbonate 
and removal of oxidi* of iron a,s \\(>11 as the carbonates of ralcium and 
magnesium by filtration. 

L. .] o n es ‘ has bas(!d a method of ti' rating l)oi'ic acid upon the 
fact that when a >olntion of tin* aci<i is mix(*d with on** of mannitol, 
a much stronger acidic charat'ter is ilcveloped trom the boric acid than 
it naturally possesses (a similar cfh'ct oiamrs with glycerin), and further, 
that bone acid aloim in ''olution in moderate amount has not the 
slightest action on a soluliou containing potassium iodide and iodatc. 
Therefore, if a given solniion <-oiUaiiiing boric aei<l be mixed with iodide 
and iodate, the acid set fn’c by addition of a miti(‘ral a<'id, and tiie free 
iodine so produc(‘d exa,<'lly <lcstroycd l)y tliiosulphate, there results a 
colourless Ii({ui<i containing the bone acid in a free state and ready to be 
titrated Iw an\ convenient method. 

Method or I’kocediike • Tlie solution, about 50 c.c., containing the 
boric (romponnd and about Od gm. of boric acid, is acidified <listinctly 
with hydrochloric acid, but any large exi^iss must be removed with soda. 
6 e.c. of a 10 jmt emit. s<iiut ion ol harnim chloride an* then added. In 
a se[)araie beakiu* the iodid<- and i^idatc mixture, say 10 e.e. of a 25 per 
cent, solution of iodide and tin' .same volume of a saturated solution of 
iodate, together with starch indicator is placed—the quantity must be 
sufficient to liberate an amount of iodine equivalent at least to the free 
IICI in the boric solution, the colour of tlie starcli iodide wliich is 
usually lilairated fiorn tins mixture is removr^ by a dilute solution of 
sodium thiosiil[)hate. 'J’o this neutral solution of iodide and iodate a 
single drop of tln^ boric solution is a<l<lcd by aglass rod ; if a luue colour 

• *./. A.r. .y, ixus, 20 , jjr-jw. 
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a.|)i)e;irs it is evident tluit the boric solution is acid with free HCl and 
ih(' l)oric :u*i4 is in a free condition. The solutions are then mixed and 
ilic free iodine removed by cautious addition of thiosulphate. The 
mixture js tlicn odourless amt cordains only starch, neutral chloride, 
potassium totrathionate, iodide and iodate, with all the B.jO,, in a free 
state. Any (!()., will have beeti removed by the i)arium chloride. 

'I’lic titration is now bc^mn by addin^^ a bwv drops of ])henolphtha!(rin 
anil N /5 caustic soda run in from the burette until a stro.«ig red colour is 
shown ; a pinch of mannitol*is then tlirown in which hhaicliestlie colour, 
mon' soda ami moixi mannitol are in turn added until the coloijr is per- 
niancnl. As a rule 1 or 2 gm. of mannitol snflico for a determination. 
Tin' amount of B.A>i is calculated on the assumption that under the 
abovc-numlioncd conditions 1 mol, of the acid ro/piircs 2 mol. of sodium 
hv<lro\itl(‘. Test analysi's on cahduru borati* and colemanib^ gavi; satis- 
ra.clor\ results .and within ti very short time. ISilicaies ami fluorides do 
not inlcilrrc, but ajnmonium salte must l»e removed by binling wiWi 
alkali po'vious to adojiting the |)roc(‘>s, owing to their well known effect 
on I he inditailor. 

Sc h w a, r I z ' ix'commciids the glycci in method in tin' case of boraeite 
to be carried mit as follows - 

1 or 2 gm. of ilic lincly powdcix^l matm’ial arc mixed with 5 to 10 c.c. 
of strong liydrochloric acid, made up to about 50 or KM) c.c, with water, 
and dig(‘st(*il with stirring for several hours at ordinary temperature. 
The process mav b('liastcinnl by lieatlng, blit in that cast* a reflux con- 
ihnism' m;iv be maa'ssarv to avoid loss of boric acid. In either case the 
]i<|nid is (illcrcd, n'siduc waslicd, and th(‘ tiltratc' rmidered exactly 
neutral to mclhvi orange with % soda, (fre(‘ from COd* The volume is 
made uji to 100 or 200c c., then 25 01 ' 50 c.c. mixed with the same volume 
of absoiub'ly mniti'a! glycerin, diluted somewhat, IIkmi titrated with 
plicnolphtlialcin ami soda,. 

Boric Acid in Milk, Butter, and other Foods.- -Jl. T Tliumson.^ 
1 to 2 gm. of sodium hydrate are added to 100 c.c. of milk, and the 
wlioie (‘vaporab'd jo dryiK'ss in a platinum <lish. The reshlue is 
cautiously hut thornnglily charred, luaited witb 20 c.c. of water, and 
liydrochloric acid addial <lrop by drop until all hut the carbon is <lis- 
solvi'd. 'I'hc whole is transferred to a l(X) c.c. flask, tln‘ bulk not being 
allowed to cx<-ce<l 50 or (30 c.c., and 0*5 gm. dry calcium chloride adtled. 
To this mixture a few ilrops of itlienolplithalein are added, then a 10 per 
cent, solution (d caustic soda, tjll a |)ermanent slight pink colour is per¬ 
ceptible, and (inally 25 c.c. of limo-watcr. In tliis way all the PjOn is 
precipitated as calcium piiosphate. •'I'he liijuid is made up to 100 c.c. 
thoroughly mi\(‘d and filtered through a dry filter. To 50 c.c of the 
filtrate (oijual to 50 c.c. of the milk) normal sulphuric acid is addol till 
the pink colour is gone, then methyl orange, and the addition of the acid 
eontimn.Ml until the yellow is just changed to pink, n/j caustic soda is 
now added till tin* li((ui<Va,ssumcs the yellow tinge, exci'ss of soda being 
avoided. ^ At this stage all acids likely to lie jiresimt exist as salts 
neutral to jihenoljihlhaleiii, except boric acid (vvliich, being neutral to 
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motliyl omngo, nxists in the free condition), and a little 00.., wliieh it is 
absolutely necessary to expel by boiling fora few mini The solu¬ 
tion is cooled, a little pheuol[)hlhal<'in ad<l(‘d, an<l as tiuicIi i^lyccrin as 
will give at least 30 per cent, of that substance it\- the solution, thi'u 
titraf<'(i with (*austic soda till a distinct permamuit pink colour is 
produced. Kach r.c. of th(‘ soda is c<|ual toO'(H24 gni. crvslnMiz»’d boric 
aWd. A siM’ics of (!xp<‘i iments witli this pro^■cs^ sliovvcd lliat no hori<r 
acid was pb*ci])it;i.tcd with the phosphate of lime so long as the solution 
op»‘nilc<l upon <lid not contain more than 0 2 per emit of crvsinllizeit 
).)oric acid, tnit wlien stronger solutions were lcs|e<i. irn'gular results 
were ob}ain»‘(l. The charring of (he milk is a[it to drive off l)oricacid, 
tint hv i-arefnlly carrying the incineration only so far :is is necessary to 
s(‘cnre a residin’ uliich will yield a colourless solution, no nppn'cinhh^ 
loss Ol'l'UI's. 

T’here is no (!on),>{ thnt CO., must he got rid of in titraling liorii' arid 
Wlitli phenolplithalcin, ainl hence il«is neci'ssary to l)oil the .solulion. 
Some opm-atoiN tlnn’efore do rhi'-m a with upright condeiisi'r to 
avoid the loss of hone acid. It i> liouhtfiil, lio\\ever, wlndher by tliis 
eontined escape, the gas is got rid of as tN-milv ns is thouglif. Jj. d v 
K 0 n i n g li' gives tin* results of experiuKoits madi* in t his numner, and 
shows that a iliinti! solution of the ncid iiiav he boiled cv<‘n up to tifteeii 
minutes in an o|)en vcs>cl (which is longi'r tlinn tn‘cosai\). with n loss of 
a very faint train' of the acid 'I’lni same «>pi'r;i.tor also niKucatcs the 
removal of pliosjdiorie acid, wliidi is neai'ly alwnys present in foods, hv 
adding a slight I'xcc'ss of .sodium carhonalc to (he Imric nci<l licpiid, then 
cautiously adding calcium <-hlnndc, tlii" pn-cipitalcs any phosphate and 
the excess of carl>onatc, while the horate in very dilute solution is not 
affected. On now adding a solution of ammonium carbonate containing 
an exin'ss of free ammonia the oxces'^ of lime i,> precipitated. Bv lioil- 
ing the clear solution v\ith e.\ces-> of sodium carbonate tin'ammonium 
eoinjiounds arc ijuickly c\j)c|lc<l, and tin* tilrafion may Im' carried on as 
Ix'fori' described. 

A new process is also describrnl in the same article bv whieli the 
bori<‘ acid may be determined after tlie ri'iiiovai of llic IbO, l)y mean.s 
of magnesia mixture; the filtrate i' mixed with excess ef sodium car- 
bonat(‘ and lu'ated, rhe preeipilate of magiu'siais removed li\ tillration, 
tlu'ffliltrate ('\ai)oiated to dryness t<* n*n<ler the n-st ol the magnesia 
insoluble, and the residin'is 1 hen treat('<l with a litth* water and littered. 
The boric acid may then be titrati'd aecording to J’ li o m son’s glveerin 
method. Asa test ('xperinieiir, (t'l gin. of boric aeid was dissolved in 
aqueous so<la, tlu'ii mi\e<t with (d oalnieal ainl incinerated ; 

from the ash, 0'()9r> gm. of hmie fieid was reeoviired. 

A rapid method for determining boric acid in IKJTTEIl has been 
worked out by II. Droop 11 i i-, li rn o n d and .1. B. B. Harrison.' 25 
gni. of tiie butter are weigln'd out iiitoa beaker, and 2r>e.e. of a,solu¬ 
tion containing 0 gm. of milk sugar and 4 c.c. 4 >f noi nial sulphuric acid 
in 100 c.c. arc adiled. 3’hc iK'aker is placed in tin* wa.l(‘f oven nptil the 
fat has just melted and tlio niixtiin' is well stirred. Alter allowing the 
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anunourt porticn to sottU; lor Ji few minutes 20 c.e. lire pipetted out, a 
little pheimlfhtlnileiu a<lded, broiij^ht to the boiling point, and titrated 
wiLli senn-imrmal ciuistic soda, until a faint pink colour just appears. 
12 c.c. ol iK'Utral tglyciM’in are now add(‘<l, and the furtlu'i' titration 
(•arri(“(l on till a pink colour ajipears. Tlie difierenee between the two 
titrations multiplied by (t'OilOH gives the amount of born* acid in 20 e.c., 
and this midlipliiv! by * 

100 + pt‘rc(‘<ilag<‘ of wattir in the butler 
20 


will “ive the pt'rceiitage td’ bnric acid. The determination is not affected 
hv 1 he jilio'^plmric or butyric acid, or milk sugar jireseiit in tiu' butter. 

A (puck iiictlmd tor the d(‘teriniuation of boric acid m MILK and 
rHKAM IS due t(» Ki c hard so n and Wal to n.'* It has the advantage 
ol oh\ iating tlj(‘ loss of bone acid vvliicii is liable to dk-eur, in spile (d the 
addition ot soda, winm tatty solids are ehari-ed, as in Thoinsoifs 
method. 

Mirriioi) ol [’lUK'KinrRi,. c.c. ot a. ~) per cent, solution of copjier 
'■111 pi I ate arc addial to oO c.c. of milk or JOgm. ol cnaim mixed with 40 c.c. 
of w'atiM-. Till' uiixtiin', is widi stirri'd, h(‘at<‘d to Itoiliug for a few 
seconds and lilbo’ed, thi' i)i'ecipilab‘ being w'cll waslurd four or live 
times with boiling water. To tin* cold filtrate 2 e.c. of a 1 per eent. 
lUMitralized sniiilion of plK'tiolphllialeiii are addial, and •^'losoda. run in 
until a (tidiuilc blue shade .ip|»(‘ais. Tlie iisiuil |>roporti(Ui ol glycerin is 
th«Mi added, aikd Ihe titration with soda eoiitimied until tlu' l>lue shade 
again app<‘ar-'. .V very htlle pratdace (‘iiahles th<‘ right, point to he 
reached. rnd(‘r these i-ondil ions, 1 r c, ” ip Na.()it " 0-0071 gm, horie 
acid 

CARBONIC ACID AND CARBONATES. 

Ai.i, cai’honajes arc do^-omposed ])y strong a<!ids; Die <‘arhonic acid 
wliuh is lihcralcd splits up into water and carbonic aailiydride (CO-), 
which latter ("'capt's in the gascmis foi m. 

It will reudilv be seen, Itom w’hat has heim said piHwioUsiy as to the 
<lcr,e.rminalion of the alkaline lairths, that carbonic acid in combinaj:ion 
can be, determined votumelneally with a very high ilegiee of accuracy 
('■‘cp. 7:i). 

'I'lie carlionii-ai id to lie tleft‘rmiiied may be brought into combina¬ 
tion with eitlier calcium or 1 ^ 11111111 , ^liese fiascos admiti ing of Die firmest 
I’ombinalion as neutral earlmnates. 

If th(! c.oToiiie acnl ('\ist in a soluble form as an alkali mono- 
earbonare, the deconipositiiui is ellectod by the addition of barium or 
ealctiim cliloruh* as before direeted ; if as bicarbonate, or a comtiound 
l)etw(‘en' the two, ammo^iia must be added with either of Dio chlorides. 

As solution of ammonia freipieiitly eontaiiis traces of 00.^, this must 
he r<'iiio\fd )>y the aid of barium or calcium chloride previous to use. 
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I. Carbonates Soluble in Water. 

rt is necessary to r»:*nicmlier that when <-alciiun chlorfio is used as 
the prt'cipitant in the cold amoiplums calcium carl)Onat(! is first formed ; 
and as tins.compound is sensibly soluble in water, it'is nec(‘ssary to con¬ 
vert it into the crystalline form. In the a])senee of fre(‘ammoniii this 
ca^ be accomplished by hoiliny^. Wlien ammonia is present, the same 
end is (d)tahied ])y allowin^^ tin* mixtiii‘<i to stand for (Mjiht or b'n hours 
in the cold, or liy heatiiiff for an hour or twi,) to 70-8(1"^ With barium 
the precipitation is regular. 

Another fact is that wlien ammonia is present, and th(‘ precij)iiation 
'occurs at ordinary temperatures, ainmonhun c;i,rbamate is fornuHl and 
the barium or calcium earhonab* is only partially pnM ipitub'd. This 
difficulty is overoouK' by heatin^^ the mixture ncarlv to b^iilhiff for a 
couple of hours, and m best done by passin*; the miek of the flask thi‘(m<,di 
a retort riiij,% and iihmersinj^ the Mask in boiling water. 

“ When caustic alkali is present in the substance to be examined, it is 
advisable to use barium as a precipitant; otlierwisc, for all volumetric 
determinations of CO.j calcium is to be [ireferniil, bevausr' the precipitale 
is much more quickly an<l perfe<‘tly washed than tlie barium compomul. 

Example: 1 gm. of pure anhydrous sodium varhonate was dissolved in water, 
precipitated wlnlo hot witli barium <*hIoridc, the prceipitate allowed to settle well, 
the clear liquid decanted through a moist filter, more hot water coiilainiiig a few 
drops of ammonia poured over the precipitate, this treatment being repeated so 
that the bulk of the procipitaic reniamod in the llask, i^eing washed by d<‘cantaLion 
through the filter; wlieu the washings showed no trai'o of chlorine, tlie liltor was 
transferred to tho fiask containing the hulk of the precipitab', and 20 c.c. of 
normal nitric acid added, then titrated back with noiinal alkali, of whi<-h 1-2 c.c. 
was required lft'8 e.c. of acid ; this multiplied by 0-022, the coelheiciit for car¬ 
bonic acid, gave 0-41HC gin. COy = ll'SO jicr cent., or niiiHiplied by 0-058, the co¬ 
efficient for sodium carbonate, gave 0-0904 gm. instead of I gm. 


2 . Carbonates Soluble in Acids. 

It .sometimes occurs that substances have to liecxamined for carbonic 
acid which do not admit of Ixung treated as abov(^ doserilied, such, for 
instp.nee, as white lead, calanune, earhonates of magnesia, iron, and 
copper, cements, mortar, and many other sulistauecs. In these cases 
the carbonic aci<l must be evolved from the cumbiiiation by means of a 
stronger acid, and conducted into an afisorption apparatus containing 
ammonia, then precIpitatiMl with ci^lcium chloride, anti titrab^tl as before 
described. 

The form of apparatus (fig. 30) affords satisfactory results. 

Method of Pko(;edtire : The vveiglied substance from whicli the 
carbonic acid is to he evolved is placed in h with a little wakn-; the tube 
d contains strong hydrochloric acid, and c brokyri gla^s wetted with am¬ 
monia free from carbonie aci<l. The flask h is about one-eighth filled 
with the same ammonia; the bent tube must not enter the liquid. 
When all is ready and the ruljber stoppers tight, warm the llask a gently 
so as to fill it with vAjxiur of ammonia, then open the clip and allow the 
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nx'id to riow {gradually u[>oii niatcrial, whicii may bo lioatod iiutil all 
carhonio apparontly <lnvon oil’; thou by boiliiij^ and sliaking tho 

last traces can bo ovo1v(m1, and tll(^ opination omb'd. When cool, the ap¬ 
paratus may be opi'^iod, tln^ cud of tlio bent tube washed into a, ainl also 
a *400(1 (piantliy of boiled disiilh'd waUjr passiMl tliroujrh c, so a^ to carry 
down anv arnmunium oarb(»nate that may liavo Ikmoi fornK'd. 'riic.n add 
solution of oalcinm chlori(h‘, boil, (iltcr, an<I titrate tlie procipitab^ iis 
l)efoi(‘ descril>ed. ^ • 



l-’xo. 30. 


Dnrin" tin* filtration, and \^hil(‘ ammonia, is [wesent, tln'ri' is a ^reat 
avidity for (•arbonic acid, Ihond'orc boiling walcr sh(nild l)c us(*d for 
washin^^, and llui funnel ki'pt covci‘<'(4 with a small ^lass plate. 

In many instances COu may Ik* determin(*d by its e((m\alcnt in 
chlorine with ”/io silver and chromate, as on 140. 

3 . Carbonic Acid (ias in Waters, etc. 

Th?* onrl)onic acid e.\istin }4 in waters as neutral carhonab's of the 
alkalis or alkaline earths may very elc^wxtly and readily he titrated 
direetly bjx ”/io jicid (sc(5 Wat(*r Sect ion). • 
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Detection of Free Carbon Dioxide in Water. L. W. WI n k I e r’ 

Ttic presouco of free carbon dioxide in moderately hard waters ma;^ be detected by 
adding 2 drops of 10 per reut. i-oppcr snlpliate solution to 100 c.c. of the water. 
If free CO„ Is absent, the water lieconiCs tiirbul, but if present the water remains 
clear, If llie elenr soliuion is sliaken witli air, the C<)„ is expelled and a tur¬ 
bidity is ]>roduec(l, if a tiirbiditv docs not develop under tliese conditions, the 
water contains liuinie acid or iiui'-li oiganic matter. Tlic test fails, however, in 
th*o case of j.oft waters, but fret' CO., may be detected in these waters by adding 
10 drops of 1 per cent. aliza’’iu solution ni aleoliol to 100 e.i-, of the water. A blue- 
red coIoralKiii indicates the absence of free , *a copper-red coloration, a small 
quantity; a reddisb-yellow e.oloration, a moderate quantity ; and a yellow color¬ 
ation, a fargo quantity of the gas. 

Wnll or spring \\<-it(‘r, uml nlso mineral waters, containing free car- 
lionio aoiil gas, can bo examiaiMl by eolk'cting measiinMl (luantitios of 
th<‘m al tlieir sou nr, mi liottles containing a iiiikI iirc of i-alcmm ami ani- 
inoiiium olilondes, *nflcrwards healii^g the inixturo in Itoiling water for 
one or two hour'', ainl titrating the pireipitatc a> b(‘foir desenbod. 

Fe 11 o n k o f c r’s imdliod with eauslie bni yla or lime is in general 
u.sc. iiimo wntcr mav Ir used instead of liaryta with (Mjiiall) good re¬ 
sults, Init oair must ir taken tlnit the |uvci|)itat(‘ is cryslalimo. 

The pi’iucijilo of file mcliiod is that of removing all tlie <-;irbonie 
aeid from a sohdihu, or from a water, by evess of baryta or hme water 
of a known strength; and, after absorption, determining llu' excess of 
liaryla or lime by titration witli ** lo acid and tiirmene paper. 

The toliowmg eours(‘ m llie best to 1 m‘ [ini'^ned in Mu'; motiio<l for or¬ 
dinary drinking waters not eoutaimng large qiianlities of carbonie acid : -- 

Method of PKociomitK ; liX) c.c. of ttic water arc put into u flask with c.c, 
of strong solution of calciinn or l>arium chloride, and 2 c.c. of saturated solution 
of aiiiinomum chloride, -tfi c.c. of barytaor lime water, tlie strength of wliicli has 
been previously ascertained by means of dociiioi inal acid, are then added, tlic Ha.sk 
well corked and put aside to settle, wlicij tlic pri'cijiitate has fulls subsided, 
pipette 50 c.c, of the clear liquid into a licaker, and titrate it witlj dccinorinul acid. 
The quantit) rcqinied must be multiplied by there being 50 c.c. only takoii; 
the uumber ol c.c. oo found must be deducted from the original ({uanlily required 
for the baryta or lime solution added; the remainder ii.ulliplied by 0'()0‘22 will 
give tlie weiglil of carbonic acid existing free and as bi<'arbouate in Lbo 100 c.c. 

The adtlition of the barium or calcium chloride and ainmonuim chloride is 
madb to prevent any irregnlanty wlmdi might arise from alkali carbonates or 
sulpliaLes, or from magnesia. 

A more accuiati* motliod of ilctcrmining (k),j ui various states of 
Gxistonee in drinking waters lias hpen used for some years jiast. It is 
described liy C. A. S e y I (‘ r." 

VVhatevei’ may reallv lie tlie condition under which 00.^ exists in 
natural waters, nml theie is iliflerenec of (qiinion on the point, it is 
suffiehnit for all praelieal purjiosi's to assume that it oeenrs in three 
forms, namely: first, as monoi-arbonab’s of tdlialis or alkaliiu! earths; 
second, as bharhunates of the saim;; and third, as frei'dtk, 8 pyler 
proposes to distinguish the lirst as (ixed and the two otln‘rs aV; volatile 
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OOw, inasniucli as ths pas oxistiiip as l)i(*arbonate may almost, and tlm 
froo pas coiiifN'tcIy, dispo!l<Ml by Itoilinp, On l-ho nssnmption that th<^ 
ha1M)onnd aci<l as liicarhumit*') is o(jnal to the (•oml)ino(l, the free 
v’(b may bo d<‘l(‘i'm«i('(l by sul)tra<-li]ip tlx* cuinbnnMl from tlx^ voiatilo as 
found by IN* 11 (> n k o fo r ’ s |>l■o^o^^ —tins, liowc'vor, is inai-cnrate witli 
'<mall quantitios and b'dions. What is ivqiunMl is a niotiiod of dotor- 
iiiininp the CO. iiKliqtrndenttv. 

c 11 on k o f 0 i'’s uiothod ^as boon niodihud by 'b r 1 11 1 o ii, liiiiige.and 
Soy 1 0 r, and tlic inoditn atiuns liavo bc-eii (.-aiofiilly iii\cistigaltd l>y Klims and 
H 0 u c k orwlio have oomo tu the; i-ouoliision tliat Soyloi’s moth'^d is the 
jno>>t aocurate. 

The ('ssontial details of the [)ro(’c;«s an* a,s follows . - 

Tlio froe carliouio acid is detonnmod by tit-raLing 100 c.c,. of tlio sainplo witli 

sodmiii ciubutiale*, using not too litth* plH'iiolplithalciu as indn.ator (say 25- 
80 drops). 'I'lio colour vaiuslu’s ratlicr ^lowly towards the cud, and tlio standard 
carlionatc is adib'd till a pornianoul faint ]>mk is ol)taini;d. 

CO, H- n,0 + Na,CO, - - 2NaIICO;. 

Kor accurate results tlio titvalioii itiiisl bi* rcpc'atcd, running ni nearly the 
right amount at oiicc and then finishing ili-op l>y drop. 

Mirrno!) ot i’lOK KinMn;; 1. Tho tiinihon can cimvonimitly be per¬ 
formed HI a N(‘ssl(*r eyimder, approximalelv IH cm. long bv Item, iii 
diannder, pradiiahul for 50 an<i 100 e.e. Tlie slirring roil is [)enl at its 
lo\vi*i emi into Itie form of a ein-le, and then Innied so as lo stand at 
nght-aiigies to llie rod. A comparison cyliixicr containing the sam(5 
amount of water as the titrating c\ liixler is loiind to iixl in the 'b*ter- 
imnation of tlx* I'lid-point. 

2. The larger part of thesixlinni caiToimle solution should lie added 
qiiiekly, and I lx* si rong pink i-oloiir formed sixmhi Ix^ discliarged )>y stir¬ 
ring and miMiig with the rixi. Tlx* titration can tlx-n be* cautiously 
cotnpl(‘l(*d, until colour r(*mains permaix'ut. 'I'lx* sodium caiTonab* 
solution sliould be prepared with fresblv ignil<“d sodium carbonate, and 
with air-fnx* water. Tlie (‘Xposiire of fln> solution to I lie a,ir should bo 
avoideil as mu<-h as possible, as sodium bicarbonate is ri'udily forme<l, 
which r('n(b*rs it useless for tins titration wlx'ii* arcui-ate resnlls are de¬ 
sired. 

With waters that are high in fnm and half-lxomd carboiii<- acid it 
is better to usi; less lhau 100 e.e. for the titration. With Mieh a wati*r, 
eare is necessary in transferriifg tlx^ sainjile to the i*ylinder in order to 
avoid loss ot C(A. 'I’oo vigorous stirring of t he wati'r is also to he avoided 
for tlx; same, ri'ason. 

I he fixed carbonx* acid, from wliieli tlu^ liaif-bound aeid is estimated, 
isdeb'rniined aeeonliug to the method of H (* h ue r (r/dc Waler Analysis). 
S^eyler uses jixd.hvl orange as tlx* indii'iitor for this titration, but lac- 
inoxl is preferabh*. 

Ill the ahsenec* of fr)*<* 00^ In a wab*r, the half-hound may equal 
the fix^edp in which easi* it would he neutnd to phenolphthaleiu. Jf, 
however, th(i water is alkaline to plieno|[ihthah*iii, the half-liound CO. 

* './. .1. f. s., nun, 23, 10.'.. 
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does not equal the fixe<i; or, in otlu'r words, a portion of tiie oarhonates 
of the bases exist in solution without the assistance of {ny half-hound 
CO^. In such a case the half-hound acid is obtained by first detcrinininjj 
the fixed CO.^ by m(‘ans of lacinoid. From this is (iot'iudt'd an iviuuunt of 
co-equal to twice the quantify indicated by the acid required to dis- 
charj,^* the pink eolour produced hy phenolfdilhah'm. The ditlerence is 
tile amount of hall'-br>und (’Oo which is )>rcsent. 'I'hes*' litrations may 
he mad(( bn t{ie, same sample, in which ease* tli(‘ ‘‘[*hciio!phthaloin 
alkalinity” is first determined and tluMi fobowcid by the titialmn \Mth 
laemoid : or they may be inaih' on separate samples. 

Th(*^)rineiples upon which th<^ abov<‘ ])r<n’edure is b:is('d have been 
pointed out above. 

Sey ler^dves the I'oltowin^j forinuhe:— 

J. For waters neutral or ai'id lo [)heiiolphthah‘in (tin' eoiimionest 
(!ase). 

bet p no. of e.e. of ^/jo’ sodium '•arhoiiate used to produce a [link 
colour with phenolphthalein in UK) e.e. of th(‘ water: and 

m no. of e.e. of ”/ 2 o sulphuric acid re(|iiired tool)tain the eiid-tajint 
with methyl oranj^e or laemoid in the same vohnin' of water. 

Then, Free CO.^ ~ 1*1 p parts [icr 100,000 
FixiHlCO. ■- i-\ in „ „ 

VolafilelHb -|•l{^a+p) ,, ,, 

Total CO, 1-1 {'2ni f }>)„ 

2. For waters alkaline to phenolptiuilein -(as sonndimes happens in 
perfectly nalural walers). 

Let y/ - no. uf c.c. of ^/ajaeid napiin'd to b(‘ run info 100 e.e of the 
water tinted with piumolphtliaieni to disidiar^e the cohnir; 

}n = no. of e.e. of 20 acid required to Ix' fu-tlu’i’a<ldcd to ihi‘ above 
solution, to which iinOhyl (U’anj^e or !a(un<ud ha> Ix'en added, till 
the end-j)oint is obtained. 

Then, Fixed CO, - I'l ni parts |n'r HM),fM)0 

Volatile (,K) - M (n/ - 2y/) ,, „ 

Total C(K - 1-1 (2n, ~ 2y/) „ 

(We have 2p' hei-e h(*eause the sann^ amount of ai*id <a)rr(‘sponds to 
twice as inucli <X), when phenoljihthalein is used as vvluni iiK'thyl orangi' 
is ifticd.) 

R. Oz e n s n V ‘ observes that in th(^ above titration it, is neci'ssarv to 
vary the amount of indicator in j)roporti(fi to the amount ot hicarhonale 
present. Thi^ is most conveniently attaine<l by addiri^^a siil>stantial quan¬ 
tity of phenolplitlialeiii lo the stanflard s(nliurn earl>onat(‘ solution, llis 
method is as followsThe standard *'/» soda solution is nia<it! by (lissolv- 
ing 2‘052r> (jm. of pun' sodium earhonateand 2‘5 gni. of phenoljihtliahiin 
in boiled distilled water and making up ton litre. lOOc.i'. of the water 
are titrate<l with this s«dution to a permanent pink, lb'; found tliat OaVi 
e.e. of the **/ 2 o alkali was requireil ))eforeany iifilieaiioii was shown, and 
this amount is deducted from the numlK'r of e.e. used as aconsfcj'iiti'eorree- 

* 1 c.c. — Id mgm. (J()q — 2'5 ingiu. Cnf’Oa. 

-Such waters can, of enunse, oonUuii no tree CO,. ^ n. C., K)19, 68, 1-12. 
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tioii for tlu! zero j>oint of tlin titration. Tlie remainder is multiplied by 
llie faetor l-2^(itistoad of the theoreti<?al J*l). 

There! is a third ease in which fi'(M* OOj niij^lit exist in a solution con- 
.'ainiiif' frc(^ rninei ■111 and for whieli S y 1 e r has ^dven a method with 
its correspondin^f formulae for calculatiriff thei n^snlts. Hut siudi a con¬ 
dition would seldom he found in natural waters. 

'J’hc errors affoetin^^ the accumi'v of Seyl(*r’s m(‘thod an* those 
whieh aris(\ in part from the dotermination of th(‘ free (X\..''I’luMUid- 
p<nnt in the titration of thcisamplc with sodium carhonah* and phcnol- 
plithaiein is not entirely satisfactory. The. results ohtaincil are usually 
low, hut with <‘aro and jiractha* tiu* ('rror from this sourci^ shouIo*he less 
than 2 to it parts jmt million, even with consideral)Ie amount'' of CO.j, and 
en small amounts it is less si ill. 

Till' error due to the deti'rrninatioii of the fixed <-arl»onie aeid,d’rorn 



Fi<!. ;n. Fui. 32. 


which the ha, 11 - 1 ) 01111(1 is deriv(‘d, aris(*s from tlios(‘ errors iiuohi'd in the 
carryiii}," out of Hi'hner’s metiujd whieh m <iood woik ou^hl not, to 
'•\ceed I to 2 [)arts p(‘r million. 

4. Carbonic Acid Tn Aerated Beverages, etc. 

For determining the ijuantity of in bottled aerati'd waters, such 
as soda, seltzer, potass, and oth<*rs, the fallowing a|)para.tus is usi'fnl. 

Fig. 31 is ii brass tube made likii a cork-borer, about five mc.hr's long, liaving 
four small holes, two on each side, and about two inches from its cultnig end ; 
the upper end is securely connected witli t)ie bout tube from the absorption flask 
(fig. 32.),by means of a rubber tube; the flask contains a toleraldo quantity of 
pure aniin^Tiia, into which ^thc delivery tube dips; the tube <i contains broken 
glass moistened with aininonia. 

Fverythkig being ready the brass tube is greased, and the l«)ttlo being iield in 
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tbe I’iglit hand, tlio tube is screwed a little aslant tlirough the cork by turning 
the bottle round, until the holes appear below the cork and tliejfas escapes into 
tlie Hask. When all visible action has ceased, after the bottle bas been well 
shaken two or three Limes to <'\olve all tljc gas that capjpossibly ho elimniated, 
the vessels are (juietly discoimcoloil, the tube a washed out into tln^ flask, and the 
contents of the bottle added also; the whole is then precipitated with calciinn 
chloride and boih'd, and the precipitate titrated as usual. Tins gues th<; total 
COy free aqd combined. 

To find the quantity of the latter, anoLlier bottle of tlie sami' mannfactnro 
must be evaporated to drvness, and the residue gently ignited, tlien titrated with 
uormal^acid and alkali; theamounlof C()_; in themonocarf'ouato, ileducted from 
the total, will give the weiglit of ftee gas originally present. 

The volume may be found as follows - 10<)() e.c, of CO^ at 0", and 7(>0 mm. 
weigh l-yTOO gm. (Kayleigh). Suppose, therefore, that the total weight of 
COj found in a bottle of ordmaty soda w.Uer was 2-8 gm., and the w’eiglit eom- 
bmed with alkali 0‘42 g‘m., this leaves 2-3H gm (.’0,^ iii a free slate— 

• MlVlil) 2-3S . ; i 6(K) ; j-= 1204 r.t-. 

If the number of e,e. of earbonie acid found is diMded by the number of e.c. 
of soda wafer eoiitaiued in tlie bottle exuiiiim'd, tin' (iiiotient will be llie \o1iiiim“ 
of gas compared with that of the soda water. Th(“ volume of tlie oonLeiits of the 
bottle is ascertained by marking tlie licigla of ihe lluid [irevious to iiiaknig the 
e.xpcriment; tlic bottle is afterwards filled to the same mark with w.iter, emptied 
into a graduated cylinder and measured ; say, the v<]hmio was 2!)2 <“.(•. therefore 


1201 

202 


1-12 vols. CO,. 


5 . Carbonic Acid in Air. 

A dry glass glolio or hoille enpuMo of ln'iiig soeiirely cioscil liv a rnhlu'r 
stopjaw, and holding 4 to 0 litres, is lilled with llieair to Ih- li'sted hy 
iiioniisof a hollows aspiraloi ; baryta or linie water, eontuiiiiiig a little 
bariuni diloride, is then inlro<lurrd in conveiiH'iil (piantilv and of known 
stn'nglli as eompared v\ith ”/ioo aiad. The \ess(’l is securely dosed. an<l 
Die lii|ind allowed to flow round the sides at intervals during hall' an lioiir 
or more. Wlii'ii ahsorpfion is judged to he edinplete, the alkaline solu- 
liop is emptied out <juiekly into a sloppered holth', and the exei'ss at 
onee ascertained in a ineasiirml jtortion by oxalie or liydroehlorie, 
arid and turmeric [lajier as descrilted on p. Tm. Tlic (in;il calcnlalion is, 
of course, made on tlie total alkali origfnally used, atui upon the exact 
measurement of the air-eolh’eting^’essel. 

It is above all things m-eessarv to prevent tlie ahsorjilioii of (KT frojii 
extraneous sources during liie experiment, especially from tin' hreatti of 
the operator. The error ma\ Ik* [(‘dufcd to a mininiiim liv carrying on 
the titnition in the vessel itself, whieli is done hy fixing an areiirateiy 
graduati'd pipette through tlie cork or rnbher stopper of the air vessel, to 
the Ufiper end of vvhidi is attaidieil a stout [licee of ela-^tie tube*, closed 
with a pim-li-eock ; and tins being fil!(‘<l to the d mark wMh <lilutc 
standard acid acts as a hurelfe. Tiie luiryta or limc! solution tinted 
with phenoIphthal<^in is [)Ia,eod in the air bofthi, wiiieh Ruist be of 
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colourless jrlass, and after tlui al)sorption of all (X),. the excess of alkali 
is found liy n*mniig in tlie acid until the colour disappears^ 

'I'lic cork or stopper must have a second opening" to act as ventilator; 
:i,'-mall piece of ^las# tuln^ (lo(‘s v(mt \v<dl. 

It a Irc'^ldv made solution of oxalic acid is u'^eil couta.inin^ 2*8030 
i^in. p(‘r litr(‘, each c.c represents I inoju. (X).,. Tin' liquid Indds its 
si reii;„dli corre<-llv lor a. ilav, and i';in he madi* as requinMl from a strong 
siiliition, say 28*03r» per hlnx ' 

Anotln'r mclhod ol calculation is to convc'rt the volnnn^ of harvta 
sohilion decomposed into its e(piival(Mit volume in %o a.oid, 1 c.e, of 
v tiich - 0 (1022 ym (X)o or hy ineasureiiK'nt at 0“ ;ind 700 niifi. jires- 
siire represents I 110<-.r. The method ahove deserihed is a comifination 
lit those of ke 11 en k o 1 e r and Dalton, and, though miieh iisixl, is 
lial'le to eon'-id(‘ral)le error from va,rions caaisiis. 

'I'hese errors lia\e he(‘n ('xamiiu'd hv Letts and Llak**,''^ more 
especialK as In ahsorhing t in' CO.j J>y haryta, from a sample of aireol- 
lecli'd in a glass \esse! ;uid Iilrating with acid, aiul Ihey show tlia.t, in 
addilmn to tin' more oh\ions sumves of error, lli<‘ action of the alkaline 
a.l)sorlicnl on tin' glass is one of importaiici'. 

In or<lci- to a\oid it. thev coated both the ri‘c(‘iv(‘r containing tlio air 
sample and the bottle iiolding the slock of st;inda,rd solidloii of baryta 
with parafhii wax. Dy (Ins nuxins tlii'y at once obtained more concord- 
ant result'' iii a si'rics ol d('t<'rmiiia.tions. Tliey then pi'ocecded to t(*st 
I he degree. Iml h of a.ccui'acv and of d<'lica<-y, of l*e 11 e n k o f e r ’ s pro¬ 
cess it cniiicd out with all tlu' .i,vailal)le pn'caulioiis which suggested 
Iheinsi'hcs. Ibtr this purpose tlu'y »'mploycd paralliiu'd rei*ci\ing vessels, 
an apparatus forpcrtoimmg the titrations in a vamiiim, and hiireties of 
special conslriiclion. in a<ldilion, an apparatus was iisc'd for delivering 
\cry acciiralel\' measure'll voliiitii's ol piin* carhonie anhydride into 
known \olumcsoi nil* pre\ious|\- freed from (hatga.s, 

Kxpcrimcnting with such rnixfiircs of thi' two as occur in aircon- 
laming ahonl 3 vo|s. ol CO^ in the anihors show that with carc'fiil 

Work IIk' me'nn error in tin' d('terminations need not <‘\<:e(‘ei d'(l4 ])art. 

The act luit (plant it^ <►! < t(L add<‘<l to each r('eciver full of air, in a series 
ol five e'xperiments, a.mount('<l to (H)27 ami the imam amount found 
to () hl() C.C., gi\iiig, Ilieix'lorc', a mean ('rror of—()*01 J c.c. 

TIh'v thus slu'w liial 1' (' I t (' n k o f (• r ’ s jiroccss. if propcriv ))Ci binned, 
:s <nic fif ”rcat a<-ciiracv a.ml de'hcacy. 

A. II. (till ill a report from the Saiiiiarv and Gas Analysis laibnra- 
torv ol the ’j’eclinical I list it ub^ at lloston, U.S.A., ' givi's a seuiiewhat 
inoiliticd arra.nge'im'iit of the' L e 11 e^i k o f i* r nu'thod. Ordinary gri'en 
glas-. lioji )cs of one or I wo gallons cajiacity are measiirod hv tilling them 
will) water, ami tlie conicnis in c.e*. asiM'i’talneel, pivb'rahly hy weighing 
on a geteid l)ala,ne-e‘. 


• St.nip opctaiors ]iri-f(T a staiidaril niixtiin* (»f oaustie- or pola'tli I'emlaining some 
''anniii I'liliniac to i,ln‘ haivliL or iinie- solution. Tins is nile>|)tf(l l>y Symons and 
St.-|.!K>i,s»\vitli a.rtic ae'id as control. Tlu' inctliod used by tlie'in, wliicli give'S ox- 
e'edlcnt n-Milts, is cxjilaine-el m their v'olnmiiieins paiier e-onfiil'Ute-d UtJJ'.S. Trans., I89t), 
Pit. Sli'I.SSl. 

-I’"!'-. I'fni,. s,;-.. 18!«i, lil2. '.Iimli/sl, isfc, 17, 184. 
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The bottles are dried before b(*ing used. This may easily be (iono by 
rinsiiifT first with alcohol or methylaled spirit, draining*,■ then rinsing 
with other, and after again <lraining the bottle is quickly dried by blow¬ 
ing air through it witli the or<linary laboratory bell^nvs. If this plan is 
not nse<l they must be dried, after draining well, in a warm p]a<‘e. A 
special form of bellows for filling the boUl»‘ with air is used by <ii i 1!, but 
the usual aspirator mad»‘ on the accordion pattern snt!ie(‘s, or a small fan 
blower, t(ie driving parts of which are connected by rubber bands to 
render it noiseless, may l>e used. * 

Tile bottle is fitted with a rubber stopper carrying a glass tul) 0 , closed 
by a ping of solid rubber. 

Tlje air to b(^ tested is drawn itito tlie bottle by rep4‘ated use of the 
aspirator so as to i'olleet a representative sample, and if tlm test is made 
in a room (werytliing should 1h* quiet, and eare must he taken to avoid 
draughts or tlu' pr/)\imiiv of a number of p(‘rsons. 

« Method OK Pimei.;i)rKn r»0<r.(*. of tltc standard Itariuni hydrate are 
rapi<!)y run into th(‘ boltle from a bui-ette (the jet pa'^sing<‘ntire]y Ihrongli 
the tube in the stop})cr), the cap replactMl, and the solution sprc'ad com¬ 
pletely over the sides (if the liottic wliih^ waiting thre«‘ minutes for the 
draining of the hurelte, lieforc reading, unless it hcgraduat<‘d t«» deliver 
50c.c. 1’hi* bottle is now placed upon its side, ami shaken at intervals 
for forty to sixty minntc!-, taking care tliat tlie whole surface of the 
bottle is tnoisteiK'd with tlu^ solution each time. The absorption of the, 
last trai-es of 00^ is very slow indeed, lialf an hour in many (‘ases being 
insufficient. 

At the time at which the barium soluti<-n is added the hmiperature 
and pressure shonhl be imled. At the end of tlie aliove jieriod, shake 
well to ensure homogeneity of the solution, remove th(5 <‘ap from the 
tube, and iMV(U‘t tlie large tiottle quickly over a tiOor 70 e.e. glass stopfiered 
bottle, so that the solution shall come in contact witli the air as little as 
possifde. Witliout wanting for tlie bdttle to drain, withdraw a portion of 
15 or 25 c.c. with a narrow-stemmed sphi^rical-lnilbed pipette and titrate 
with sul|)hiiric acid * (1 c.c. =- 1 mgin. CO.j), using rosolie acid as an in¬ 
dicator. The differein e between the numher of c.c. of stamlanl acid 
reqnircil to neutralize the amount of barium hydrab' (e.g, 50 c.c.) 
before and after al»sorption gives the number of niiligrams of (’O-j present 
in Ihe bottle. 

This is expre.ssed in cubic centimetres under standanl conditions, 
and divided by the (capacity of the hojtle under standard conditions, 
and the results reported in parts per 10,000. To reduce, the air in tlie 
bottle to standard conditions, a hygromidric measurement of the air in 
the room from which tlu; sample w'as taken is necessary. This in or¬ 
dinary cases is usually omiltiMl, as tlie object of the investigation is 

* Sulphuric acid, in dintiiiclKJii riciii oxalic acid, ciiablca one to «Jeteniiiiio the o.Ycc.sa of 
barium hydrate ill jiresciu ol the sns|icjided lariiiin carl^uiatc, and also ol caustic alkali, 
which IS a frcfpicut mipiirily ot conuiicnial barniiu hydrate. Professor Jolinsoii, in the 
American (niition of Fresen lu s' s Qininlitnlnv .1 W.i/sis, calls attention to«Ju! tact that 
the normal alkali oxalates dccomposi* the alkaline earthy (arlionates, so tliat the reaction 
continues alkaline if the jeast trace of soda or pcjtash lie present. The snlpliuric acid may 
be prepared by diluting 46'51 c c. normal sulphuric acid to a litre. 
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niiHjhtriitivf rosiilts, as roj'ards the efficiency of ventilation, and the 
rooms in tho#^ame building would not vary appiw'iably in the amount 
, 1 } moisture in tin; atmo«j)h(*re. This correction may make a dilTerenco 
of about 0 15 parts ^cr JD,IK)0. 

Anutlier nn^tlnxl on the same principles is to attach a bulb apparatus, 
contniuing a measured (piaiitity of baryta or lime water, to an aspirator 
l.oUle filled with water ; tin* tap of tln^ bottle is opened to such an ex- 
iciil a- tonJlow th<^ air to buhl>lo through tln^ test solution at a moderate 
latt*. The process of titration is the s;ime as that given above. This 
nieiliod takes longi'r time, and the volume of a,ir, wliicb should not he 
less than five or six litres, is ascertained l>y measuring the vofume of 
water allowed to run out of the aspirator, the rate of flow being regulated 
VO that from two to three lioiirs are re(piire<l to ))asH the above volume 
of air. II a flask, lifted wilh tulx's, is us<i<l in place of tin* bulb appar¬ 
atus, tin* titi‘a,tiou mav l>e done without tra.nsferring tin; test solution. 

« 

6 . Scheibler s Calcimeter for the determination of Carbonic Acid 
by Volume. 

Thiv apparatus is ailai>ted for tlio determination of I he etmtained 
HI na-tive carbonates, as well as in artilicial firodiicfs, and has Ix'en 
specially contrived for tlie purpose of i'(*adily determining the CO.^ in 
the l>one-l)lack used in snga,r refining. Tlie piiiiciplo nfxm which the 
apparatus is founded is simply this:—That tin* (juanlity of CXb con¬ 
tained in calcinm carbonate may be nse<) as a miMsure of tbo'inantity 
of that salt itself; and instead of deterniiniiig, as has iisiially been the 
ca.se, tin*'piantity of ga,s hy weight, this apparatus admits of its deter¬ 
mination by Vdlume; and it is by this nn*a,ns possible to {K*rforni, in a 
tew ininub's, opera!ions which would otherwise take hours to accom- 
plisii, wliile, mor(*over, the operator need po.ssess scarcely any know- 
li'dge of cli(*nustrv. Tin* results obtained hy this apparal iis are said to 
hecorn*ct enough for t(*ehnieal purposes. 

The a.p|Kiiatus is shown in lig. and consists of tin* following 
parts; - 


The glass vessel. A, serves for tin; (Icconpiositioii of the material to be testfid 
for 00„ wiiicli for that pur[}ose jh tn'atcd witli dilute H(M; tins lu-ul is contaii.ed, 
i-revioiis to th(' expcrini(*ul, in the giitta pereha vessel s. Tlio glass stopper of A 
IS perforated, and through it firnily passes a glass tube, to wliicli is fastened tho 
india-riibhcr tiilte 1 , by means of wlit-h comnuinication is opened with b, a bottle 
ba\ing three op«^nings in its neck. TJio central opening of tins liottli! eontains 
a glass lube {/) tinnly fixi'd, which is m cominiinieation, on tho one liaiid, with 
A, liy iiK'ans of the flexible india-rubber tube already alluded to, and, on the other 
liaud, msule of Ti, with a very thin india-rubber bladder, K. Tin- neck (</) of the 
vessel B is sliut oil during the experiment by means of a piece of mdia-rubbor 
tubing, kept firmly closed with a spring elamp. Tho only use of this opening of 
tho bottle B, arranged as dfseribod, is to give ae<’Oss of atiiio8]>)ierie air to tho 
interior the bottle, if roipiiix'd. Tlie other opening is in eoninumieation with 
the measuring apparatus 0, a very aeciirato eylindrieal glass tnlio of l/>0 c.c. 
capacity, divided into 0*5 c.e.; the lower portion of tliis tube C is in communication 
with tlie tube I), serving the purpose of controlling the pressure of the gas. The 
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lower part of this tube D ends in a glass tube of smaller diameter, to which is 
fastened the india-rubber tube p, loading to E, but tlio ooiiimim>cat!on between 
those parts of the apparatus is olnst'd, as seem at by moans of a spring clamp. 
E is a water reservoir, and on remova] of the clamp at p,.tlie water contained in 
C and D runs off towards E ; vvhoii it is d<‘Sired to force the water contained m 



Fig. 


E into C and P, tliis can be readily done by blowing with the month into V, and 
opening the clamp at p. • 

Precise directions for the use of this instrument arc issued by tlie ntaker-s and 
need not bo repeated here. It lias liecii coiis^derahly used for tcohuifial purposes, 
but is liable to serious errors, for which various i-orreetions have to be made, but 
even then there is rodra for cousidorahlc improvement. • 
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/This improvement has been maiie by A. Marshall,' am! the 
' jjjfparaUi^ is s^own in hg. .*54. 

' It (consists of a |:{as roductioii tube tf.aiul a measuring tube K, winch botli pass 
tliroiigh corks to the bottom of the Wo n 1 ( o’ s bottle H, wlucli is so fitted that 
tlie pressure of air in it can be accurately adjusted. It contains souk; refined 
petroleum oil of liigli boiling point, winch can ho forced into the tubes M and R. 
M contains such a quantity of air that, if it were reduced to 0" (h and 7b0 min. 
pressure, it would just fill the tube down to a certain mark on it. The tube E 
is graduated in cubic centimctr(!l, and is lilted at the top with a tliree-wa> cock 
(tf special design, by means of which it can be brought into conimumcation 
either with the atmosjiliere or with the tube 0, wliich leads to the gei^erating 
vessel A. Branelniig out of (! is the mercury manometer H, winch enables one 



Rk;. ;it. 


to adjust tlie pressure insido A, 0, and E till it is equal to the atmospheric p^jps- 
sero. The generating vessel A is fitted with a well-ground tubulated stopper, and 
contains a sinnll glass tube B to hold the acid. Tt is inserted in tlie glass water- 
bath (j, which should contain cold v%ter. 

Briefly stated, a determination is conductcil as follows;—1'ho carbon dioxide 
is generated by the action of a small volunie, 1 c.e., of concentrated hydrochloric 
acid on a weighed quantity of the substances to be tested; OT to O'H or more 
gin. should bo taken, according to the percentage of carbonic acid it contains. 
A mixture of air and carbon dioxide passes over into the measuring tube E. 
When the action is complete, the pressure is adjusted, till the manometer J) 
sliows that it is equal to that of tho atmospliorc. The cock is then turned off, 
and the pressure is again adjusted till the liquid m M stands at tho highest 
graduation. The volume in K is tlien road off. This, without any correction 


8 


./. .S', f. /., 1898,17, nOli. 

















114 


CITKIC ACID. 


whatever, is the volume of carbon dioxide contained in the substance taken. The 
whole operation does nob take more than ten to fifteen minutes. ^ 

The gas reduction tube K acts on tlie sanu' principle as that in L u n ge’s well- 
known “ gas volumeter”. To give absolutely accurate rc^sults the lo\el of liquid 
in M and E should be tlic same. The dciisiiy of tlic petndeinn is, however, so 
small that the error from this cause never amounts to more tlian c.e. with an 
apparatus having the dnnensions selected by the inventor. 

{’arbun dioxide is slightly soluble even in heavy petroleum oil, hut tlie solution 
proci'cds verv slowly. In the case ol tins apparatus, if tlie printed instructions 
he followed, mily a dilute mixture of carbon dioxide can (’(iiiie in contael with 
the petr(»leum. The error due to this cause tlierefure falls well within the limits 
of experimental error due to other causes. 

The error due to the soliiliility of carlion dioxide in hydrochloric acid is 
reduced to a miniimim by employing a small ipiantity of concentrated acid; 
using 1 o.c. of acid of 1‘17 ''p. gr. it does not amount to more than O-b e.c. Tins 
error is in the ojiposiLe direction to that due to the inequality of the levels in the 
tubes I\r and Li. lionsequeiitly it is to a great extent neutrali^^ed by tlie latter. 
Concentrated hydrochloric acid dissolves lc»s carbon dioxide tlian the same volume 
of dilute acid. 

If the generating vessel A be not. kept cool a notable quantity of hydrogen 
chloride is expelled from it, and is slowly reabsorbed as tlie apparatus cools down 
again. T'his, of course, would interfere with tlio accuracy of the process. 
During the action tlie vessel should, tliorefore, lie kept immersed in cold water. 
The cold-water batii also tends to prevent the temperature of the generating 
apparatus varying to an\ perceptible extent. Any error due to tlic latter cause 
is, in addition, gieatly reduced by tlie small volume of tlic generating apparaLu.s, 
which IS not more than 100 c.c. 

The following are the chief advantag(‘s of tfie apparatus described :— 

1. The (juantity of carlion dioxide dissolved in the acid is reduced to a mini¬ 
mum by using a small quantity of concentrated acid. 

2. No corrections have to l)o made for tenipi'raturc and pressure ; consequently 
no reading of thermometer or l•aromoter need he taken. 

3. The total volume of the generating and measuring apparatus being less 
than 1(X) C.C., and the generating vessel being immersed in a considerable 
quantity of cold water, the volume of the air inside it cannot ohaugo during a 
determination to an extent sufficient to introduce a perceptible error. 

4. The ajiparatus is quite simple, and altfiough no barometer or thermometer 
ifl required the results arc considerably more accurate than those obtained with 
S c h e i b 1G r ’ s. 

To determine the percentage of CaCOg in any substance, wcigli out accurately 
0'224 gm. and proceed as above. Tlie volume found, multiplied by 2, gives the 
per cent, of CaCOg. 


CITRIC ACID. 

(’JI 4 (OH) (COOH)g, H,0 = 210-(»81. 

TFirsacid in tlin free state may readily be titrated with normal soda 
and phonolphthalein. 1 c.c. normal alkali = 0 070027 gm. crystallized 
citric acid. 

I. Citrates of the Alkalis and Earths.— These citrates may be treated 
with neutral solution of lead nitrate or acetate, in the absence of other 
acids prccipitahle by lead. The lead citrate is washed with a mixture 
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n[ ♦‘<nml parts alcohol and water, the j)r»'!cii)it.atn snspe.nded in water, and 
tf,.S passed it till fill the lead is concerted into snl[>hide ; tin; dear 
h(|ui<l IS I hen hoiled to remove' ILS, jiinl titrated wilh normal alkali, 
(’itrales of the .flkalis are* conven-ted by ijinition to carbonate', which 
ma.v hi' 111 I'litiMl u ith standard ad<!. Two moh'cnies of citrate yiidd tliree 
of caihonate. 1 c.<‘. acid = 0 ]0H119 gm. PI.jO. 

2 Fruit Juices, etc.— ff tartaric is present, together wiilj fri'e citric 
at id, the loimcr is lirst separated as potassium bilarlrati*, which can 
verv ucll h(' tloin* in tin' pri'^ence ot citric acid. 

Mktiioo oi’ I'kockdi rk : A cold saturated solution of potassyim aci*- 
tatc III prod spirit is a.t(ded to a sonu'what strong solution of tin' mixed 
aciiKin proof spirit in sulhcn'iil ipiiintity to separati' all tin' tartaric acid 
as bitai trale, | lie mixture after stirring well hcing allowed to stand sonn* 
liours. The jirccipitati' is tln'ii Ir.iiisfcrrcd to a filler, and wasin'd witlT 
proo) spud, then rinsed oil the tilter with a cold saturated solution of 
|)ota''Siiim hitarti'afi', ainl allowed slain! sonn' hours, w'ilh uecasion#! 
stiMing, lliix tri'atiiient removes a.nv adln*ring citrab'. 'I'he hitartrate 

again Inonglil on In a, tiller, waslieil once with proof spirit, tln'ii dis¬ 
solved in ln)t water. a.nd titrated witli normal alkali, 1 e.c, of which 

O’lo gri) lailarn- acid. 

The lirst liltratc may lie titrated for the frei^ citric acid present afb'r 
evaporating the hulk of the alcohol. 

3. Lime and Lemon Juices. - -Tin* citrii* acid <-ontain('d in lemon, lime, 
and similar jiin cs, may In* v<'rv lairly didcrrmin'd hy Wa ring t o n ’ s 
inelliod. 

Mi.tiioooi I’la'dmi Ki. 15 oi-c.<-. of ordinary juice, or o4 e.c. of 
coiiceiitrab'd |mcc arc lirst exactly neutralized witli pure normal soda, 
made n[», il necessary, to aliont 50 e.c,, in'ate<l to hoihng in a. "alt hath, 
ainl "o iiiin-li solution of cah-iuni elilorhh^ a<lded a.s li* he slightly in 
('xcc>s o| the oigani<* acids prcsinil. 'I’In* niixtnn'is kept at thiMioiling 
point lor aboiii, hall an hour, lln^ pri'cipitate coih'cttnl on a liltin’ami 
washed wiili hot water, filtrate and washings eomanilrail'd to ahout 15 
C.C., and a, drop of ammonia added: tliis will produce a Inrlher pre¬ 
cipitate. wlii<-h is <’olI(*c|,ed scparatelv on a very small filter hy help of 
the picvioMs lilirate, then washed with a small ((inintitv of liot 
wati'f. Hotli filti'i-s, with their [irecijiitati^s, are tlnni dried, ignited at 
a low red lii'at, and the ash titrated with normal or acid, each c.if. of 
.vhich rcpresi'iits rcspiH’tively 0’()7 or 0’<H)7 gm. if”, H„0. 

• 

FORMIC.ACII). 

liCOOlI -- 4<)()Ui. 

IF. (k JoNM':s- has workeil out a method w’hieh thougli not acidi- 
metrn-nniY lie (luotod here. It is based on a proci^ss originally devised 
hyPeiui de S a i n t - (* i 11 es , viz. titration with iiermanganatc in the 
pri^sciici; <if an alkali carbonate. L i e h e n •'contirmeil this, using a more 


f -S'., 1875, 

•' .l/iz/m/.v//., 14, 711;. 


-.b/c’/. Juor., 1895, 17, .589-541. 
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elaborate pro(;esR. TIk^ method is on the same princij)lo, but the pro¬ 
cedure diflers from that of L i e ]> e n. ^ 

Methoix)!’ FuuoEin'm; • 'I'lie. solution containing the formic aciil is 
made alkaline with Na./X)„ warnie<l, and an <'jrnh of stanilard per¬ 
manganate jwided. All the forithe a<'id is thus oxidized, and a precipi¬ 
tate of manganese hydroxide thrown down. Tlu; solutiim is aei4liti(‘d 
with 11.^80,, and a measun'd volume of oxalic acid run in until :ill the 
precipitate has dissolved and the pm-manganate disappeared. Tlie ('\cess 
of oxalic acid is then titrated with standard permanganate. A volume 
of oxalio acid equal to that taken is also titrated with the permanganate 
solution, and the difference hid-woen tlu^ ix'sult and the total jierman- 
ganate iiseti gives the (piantily of jiermanganate re)[iiired to oxidizi^ the 
formic aeul. The experimental results agrei^ well among them^ehes and 
with those obtained by other methods, hut the method is unreliable in 
the presence of much ^diloride. 

' The autlior further shows that' S a i n t-G i 11 e s ’ staUmicnt that 
oxaliii acid can he titrated in acid solution in the pn^^niccr of formic; 
acid is unreliable, since formic acid is also oxidized to some! extimi by 
the permanganate umler those comlitions. 

Jn the mercuric chloride melliod of Auerbach and PI ud de¬ 
ni a II n ^ the reducing action of formic a<‘id is made use of • 

JICO-JI + 2HgCL- Hg,Cl, r l-GU’l -i- (XV 

The formic acid solution, aft<;r neutralization, is h(*at(xl for two hours in 
a boiling water-bath with a known excess of standard mercuric chloride 
solution, sodium acetate being also achled. After tiltering olf tlio pre¬ 
cipitated mercurous chloride, and cooling, the exc(!ss of mercuric chloride 
is titrated with standard potassium iodid** solution (ri<lr umler M^uvury 
(4)). The merrurie. solution shoiilcl contain 5^-87 gm. of the salt ainl 
15 gm. sodium chloride per liin*,. II. Fiucke^ lias invi'sligated tlu* 
determination of formic a<'id in foods l)y this method. 

HYDROFLUORIC ACID, HYDROFLUOSILICIC (SILICOFLUORIC) 
ACID, AND FLUORIDES. 

1 c.c. of **/ialkali = 0-02 gm. of HF - 0*d24 gm. of Il.jSil'V 
pOMMERCiAL hydrofluoric acid is as a rule far from pure. It generally 
contains hydrofluosilicic acid, sulphuric acid, sulphurous acid, and fro 
queritly traces of iron and lead. Two unalysi^s of commercial aedd gave 
the following ligures :— • 

1 2 


Hydrofluoric acid 

• 

. 48<W . 

. 40-80 

Ilyilrolluosilieic ai:i<l . 


. 13 05 . 

. 0-49 

Sulphuric acid . 


. 4-07 . 

. 3-23 

Sulpliui’oua acid . 


. 0-40 . 

. l-0(! 

Left on evaporation 


. 0-lfi . 

— 

Water by difference . 


. 34-23 . 

. 40-42 



100-00 . 

. ‘lOO-OO 


^ X, Vnlf.rmich. Nuhr. Oe/iKssn)., 11)09, 17,41^5. 

~I’nh'rAiicIi, Nohr. (»Vh 1911, 21, 1 ; uinl Amiliisf, 1911, 38, 103. 
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If it is (l( 5 sired io prepart^ pure acid, the best way is to add to the com- 
inereial acid*|)ei’o\id<^ of hydro^^cii till it ceases to decolorize iodine, and 
tlicii uotassic hydric fluoride su(!i(n(‘nt to fix all the hydrofluosilicic and 
siilphnnc arids. l*(^.distillation in a h'ad retort with a platinum con¬ 
denser will then }^ive perfeeddy pure acid. 

The total anninnt of free acid nuiv be <h'tcrmined with normal alkali 
(preferahlv potasli), usin^ jdienolphthalein or litmus, the former being 
lK!^t. Methyl orange and lacmoid do not giv(i good results, in the case 
ol pure aeid, (aieh c.(^ of alkali indicates 0-02 gm. of HF, and the 
reaetion when phcnol|ihthalein is employed is V(^ry sharp. VVlum, how- 
I'ver, einnmcrcial arid is thus titrated a difference isobscrve<l ; the pink 
colour obtaim'd on adding the alkali only iuidurcs for a second or so and 
then fades awav, and this tnay be repeated for some time till at last a 
jiei'nianonl pink is pnxiiieed. ’I’lnM-ause of this is the [inisence of hydro- 
lluosilicie aeid. The first appearance of pink ensues when the rea<*tion 
ll.NiF,, + Kd) - K._.Sih’,,-h lid) occurs. Then aiiother reacd.ion sets in, 

K,SiF,, I 2K,<> r.KF + SiO.,, 

[»ut from tlic slight solubility of the pota,ssinm sillcoHuoride some time 
(‘la|>scs l)cfof)“ it is complete. 

The sulphuric a,nd siiljihurous acids must also be determini'd if the 
real amount ol (IF is recpiired. 

Determination of Sulphuric Acid in Presence of Hydrofluoric 
Acid (W. Ik (rilos).—liDug expoFieijfo has (xuiviuced the autlior of this now 
process that all mctljods depending upon tlie siijiposed soluhility of barium 
fluoride, and the corr‘sponding insoluliility of the sulpliate, in either Ijofc oi cold 
diluted ii}<lrocldori(' acid, give most (‘rroneous results. For uistaiioe, a sample of 
liydrolluoric in-id known to contain 4 per cent, of fk^Shb was tr<'at.('d in the way 
doscrilicd Ity h’ t'(‘scn i n s, using a largo volnmo ol hot diluto hydrochloric acid, 
and tlie precipitate w’as copiously waslied with the same weak acnl. The barium 
precipitate obtained was 0 ([ual to CcOH per ci'ut. of H^SOj or ovci bO per cent, more 
than was piesent, and it was found that on repeatedly moistening the precipitate 
with dilute ll.SUj, and re-igmtiiig, the weight increased materially, showing 
co-preeij)itation of Inirmm iliiondo. The author therefore devised the following 
pro'-ess for the detenmnatioii of the SO^, winch gives accurate results. Its ba-sis 

!. Tlie couvt'rsum of (IP into H.,S]F,., which is easily accomplished. • 

2 'I’lie precipitatic)!! of the SOj from this solution by means of lead silico- 
liuLride. 

d. The total iiisoluhility of Pll?>0, m a solution containing an excess of the 
said lead salt. ^ 

Mktii()i> Ol’’ Puockduue: A convemeiit weight of tlie liydrolluoric aeid is 
placed m a plrtiuum dish, about half its volume of water is added, and then 
preeipUatod silu a in evident excess, and the whole is allowed to stand with oc¬ 
casional stirring for a few lioiirs. ft is then filtered, using an ebonite fuiinol, into 
another suitable platinum basin, and the excess of silica thoroughly washed. 
Ttio filtrate and washings are thou iwaporatcd to a convoment hulk, and solution 
of lead »ilii^)fluoride is added ill oxeess. If the least trace of sulphuric acid was 
ongmaily (contained in tlie acid, an almost immodiato precipitate of PbS 04 
wdJ fonn.asdt is exceedingly insoluble in the prcsonco of the lead silicolluoride. 
•The solution is allowed to stand an hour or two, aud the PbSOj separated by 
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filtration, wheu it can of course be treated in any conv<!ni(‘nt voliiniotric way 
for tlie determination of tlio lead, or it may be wiaghod direct. t 

Lca.l silicofinonde is I'asily jirepared liy saturating coimiietcial HF with 
coarsely powdered Hint in a load basin, and thou agitating with powdered litharge. 
Its solnhility is very great, and the s^xM-ific gravity of the solution may roach 
2'00() or more. 

Exampi.k To 87-1^0 gm. of chemi<-ally jmro liF of 12f»() sp. gr. there was 
added 25 e.<^ of normal acid ( - 1-0 gm. SOJ. The mixture was then Ireated as 
deseril)e(l ahove, and gave IMiSO, :l-7S2 gm. - 1-(1^)02 gm. of SO . 

Determination of the Hydrofluosilicic Acid. To ji eonvenimit quan¬ 
tity of th(“ acid eontaiiied in a jilaliiiuni ilisli a soliitiim of |)otassiuni 
aoctato in strong inethylatod spirit is nddod in excess, and tlicn mon' 
spirit is achied, so (hat there: may l)(‘ nlmul eijiuil volumes of liquid 
and spirit. Allow to sraml for several hours, and tlnm tilhn-and wash 
witli a mixture oi half spirit and half wiiter. I’he re^ull'lllg [)n|.a.ssiiini 
silicotluoniie may llien he litrated \fit!i normal alkali aeeordiiig In the 
equation : 

l\._;SiF,, -t 2K-,(> .. (iKF + Sit)., 

or if the tiltm- was a weigluMl one, it may lie dried at HMi’ C. and weiglied 
dire(‘t. 

Exvmi'm:; 2 gm. of chemically pure [)r(‘cipitated silica were dissolved in a 
large excess of pure diluted HF. Treated as above described, it yielded 7-:!.') gm. 
of K.^SiF,; which equals 2'00l gm. of silica . 2 gm. of some powdered iluit tr(‘atod 
in the same way with 50 gm. of imre IIF (of 10 jier eent.) gave 7Tht! gm. of 
KySiF^ rofiH gm of sdicia. 

Sulphurous Acid.—Tins i.s easily delcrmined hy taking the solntnm wliieli 
results from the total acidity determination and titratiug ,witli decmormal 
iodine. Fominereial liydrotluoric aeid generally contains fiom 0 5 lo 2-0 p'T cent. 

'Hie amount of each of tlu' impiirilies being thus known, the ])ercen- 
tage of real ilK is i.xasily enleiiiated ; (xg. 10 gm. ol an m id was foiiml to 
neutraliz(‘ 27h»M) e.e. of normal alkali. It was found to give t he following 
results 

e.e. norma! alkali H-O-- ll-gltSO, 

„ „ „ 30-0 <p:u; m.,siIa • 

^ 27(i - 47 - 220 e.e. x (H)2 - 4.n-H0 per emit. 11 K. 

4ldll [lei’coiit. If..() by (lifferenee 

I(K)(M1 • 

In this insianee the aniounl of SO, was not allow'ml for. 

Bifluorides --These salts mav be titrabid in the same way as the 
aim] with plienolphtliaioin. 'I'liev gmierally eontain some! silieo(luorid(\' 

The determination ot llnonm^ in soliihle fliioridi's lias been <lone 
volumetrii'ally by Knoliloeli.- The pnx'ess is tvased on llu' follow¬ 
ing facts- 

When a solution of ferric chloride is mi.xed with its e(jui\alen,t <juan- 

*Tbf whole of this sficti'iii, te tins juntit, lias 1 k‘cii kiiirlly coninhiiti-d by W. It. 
(} i 1 e s. K.I.O., who has had large praetl' al cviienence m the Mihjects treated. 

‘ rhariii. Zeilschi ifl, 39, .5.5S, 
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t,ity of potayi^inni lluorido tlie dot^oniposition is completo, and the result¬ 
ing ferric fluoride solution is colourless. In this state tlii^ iron is not 
detectable by such tests as thiocyanate, salicylic acid, etc. Still more 
interesting i.s ilie UiH that ferric Huorbie does not lihe,rat(Modiiu‘ from 
iodides. 

Tlie following standard solutions, an* re(|uire<l : — 

N/jo [)otassinm Muoride ; 5-800 gin. of the pure ignitisl salt in a litn^ of 
water 

N'eo solution of h'rric chlot-|di\ winch tin* author pri'pared by diluting 
10'on. of tie'ollieiiia! ferric cliloriile of tl](‘Prussian pharmacopi^'ia tr) a 
hire. 

N 3^ S(i<lium thiosul|»hat»‘ solution. 

Zinc iotlidi' solution, made by mixing 10 gm. of io<liii(‘, 5 gm. of zinc 
powder, and 2't e c. of wati'r iii a (la?^k, and warming till The violent aetiou 
is over an<l the solution eoloiirhiss. then diluting to 40 e c. and iiltenng. 

• • 

I\Ti:thod of Puoc'i'incuE The IkjukI containing the Ouonrlos in solution is 

inixod with a known excess of feme ohlonde solution, thou with excess of zinc 
iodide, and aliowi'd to ictnain in a closed vessel at 3.'’)-10' V,. for lialf an hour; 
llie liheiaUHl iodine is then titrated with thiosulphate. The volume of tlio latter 
used is deducted from that of the ferric chloride—the dilTereiicc heing the measure 
of the tluormc. I c.c. thiosulphate O’OOIU gm. F. 

The aiillinr stat<‘s that ealeium and strontium in their solulile salts 
mav also lie determined by tin' same luelhod hv aei<lifving their solutions 
with hvdiTiclilonc a«‘id, adding eipiai volumes, liist of potassium lluorido 
and then ol lerrie (dilohde solution in excess, adding excess of zinc iodide, 
and (lig<’sting at lhi-40' (J. The hheralc'd iodine i" ascertained as before. 
1 c.c. of thiosulphate 0-00‘J Cn. 

NoniMif Ilicsc reactions have hi'cn vt'rificd by nn', hut tin* im'thod as 
given liere is novid, and jirohaltly <'a,pa,hlc of licing developi'd with further 
experii'liee. 

very iiiteri'stmg papi'r on the a<'idinn'try of hydroMiioric acid is coii- 
trihuted hv II aga a.nd 0 s a ka,' hi'ing the results of mdepciidcnt I'xiieri- 
nicnts made liy theni in the laboratory of the Imperial Ibiivi'rsitv, Jafian. 

Tin* auiliors <*xanimc<l tiie behaviour of tin* usual in(liea,tors in tlie 
in'ut rahzation of hydroiluorn; acid. That its alkali salts hhii' litmus and 
that its aviility luinilKM-places it among the vegi'talile ai-ids ratln'i'Mian 
.vitli the strong miin'ral acids, aptu'ar to lie the only two fact^ yi't r('<‘orded 
liearing upon its acidimetry. ^ 

To g<!t uniform indications it was fouinl lU'cessary to havt' not only 
the acid pure, hut tlii^ titrating solntiiins :dso ; a little silica, alumina, or 
eaihon dioxide affecting tin' titration more than it would in the ease of 
the onlinary mineral acids. 

Plienolphthalcin is the host imlicator, and leaves nothing to l»edosirod 
wIk'Ii jiolash or soda is used for the titration. Rosolie acid is almost 
eipial to it^ and ean Ix'nsi'd also witli a.mnionia. With l>oth indicators 
th(' clivicfe of colour has the advantage of heing vi'ry evch'iit in platinum 
vessels. Methyl orange' is useless, hitmns, laemoid ami pheniiei'toliu 


./. .S', 17, 18, 251. 
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aro all t-apahlo of made' to yiold acc-in-atc results in tho hands of an 
oxperioncod operator. ♦ 

Tho fart fhat aceurat*^ insults ran only !"• obtained with very pure 
acids and rca;;enfs inililatcs aj^^ainst tli(‘ value of an\*a(‘idimetrie process, 
and therefoio tin' indirert nudhod bv (Jih's, described above, is of 
greater te<'hnieal value. 

. OXALIC ACID. 

lUVh.1^6-048. 

Tiirv free aeid can l)e accurately titrated with normal alkali and 
phenolphthalein. 

PKOcEDuin-: uuKN IN coMMiNATioN WITH Ai.KAiJS: The acid can be 
prccipitabwl with calcium chloride as ralciinn oxalate, wh(‘n‘ no other 
matters preci[)ita.l)le bv calcium are proscni. If acetic aei'l is present in 
slight excess it i> of no conseiiueiiee. a.s it [jre\enls the [irecipilation of 
frmall 4(uantifjes of sulphates. The' prei'i|)itat(‘ is wadi washed, <lrie<l, 
ignited, and tlnM-arbouale titi'aled with normal aeid, I e.e. of which 
0'0r);{l>24 gm. ervst. oxalie aeid. 

Acid oxalates an* titrated din-et lor tin' amount of free aeid. The 
reaction eontimies to he aciil until alkali isad<l('d in such proportion that 
1 rnoh'cnle aciti 2 atoms alkali metal. 

'riic <‘t)jnliined acid may be fouinl by igniting the salt, ami titrating 
the residual alkaline earbonat(‘ as abt)\c. 

For (letermination hy pc*rnianganale, s(‘e pp. 128 an<l 130. 

PHOSPHORIC ACID. 

ibO, 142-08. 

T If o -M sox ha.s shmvM in his K'scai-cla"' on tin' indicators that phos- 
plioric acid, either in the free ,-taf('or in com hi nation willi soda or potash, 
may with very fair accni'a-ev be detm-mined by tb<' Indp of metliyl orange 
or plienoljilitbaleiii. if, for instance, normal potash Ih^ adde.d to a solu¬ 
tion of pltosphorir acid until the pink cohmr of nudhyl orange is dis¬ 
charged, IvII.iPO, IS formed (112 KHO 142 Pdb,). If now jihenol- 
piithalein is a<lded, ami the a<ldition ol potash continued until a red 
colour appears, K.TU'O, i» formed. (Again 112 KHO142 P-d),;.) On 
adding stamlanl hydrochloric <ir sulphuric aeid until the pink colour of 
methyl orange rcajipnars, the iitralion witli standard potasli may he re¬ 
peated. Jn each cas(‘ 1 c.c. nornial pota,^h ^ 4)71 gm. Pu(b, or -008 gin. 
H 3 p 04 , each titration acting a,s a. cheek upon the otliers. 

Or the titration niav he ma.d(‘ wftli phenolphtlialein only. Put to ob¬ 
tain a sliarp <nid-reaetion ' the sra.ndard alkali must he freii from car¬ 
bonate and tile solution '-hould be cold and eoncentniPMl (prehu’ably w'ith 
the aildition of sodium chloride, m order to pn'veiit hydrolysis of tluMli basic 
salt fornuvl, whereby it tinuK to react alkalim* to tlie indicator). H^PO^ 
-f 2KOH K,HPO, -I- 2HJ). 1 e.e. norma! alkali - -0355 gm. P,,()„ or 

■049 gm. H.POj. I * 

Many attempts have been made to utilize these reactions for the ac- 

•Thi; niaxiriHiiii iiibinsity ot (^oldur miet. be fukeii us tlie t'lul-pomt. 
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riiruto (l(‘it^rtoination of P./).-, in manures, etc., hut, so far as niy (‘xperience 
gnrs, w)tlioiir#a<lo(jnatc success. 

Titration as Ammonio-ma^^nesium Phosphate. -8 to l ha ' adopts 
an alLilunoln*- nii'tJ^od, which (lc|>cn(ls ufxm the fact tiiat oik* molecule 
of llic({oul)lc sji.it n'lpiircs two inoicculcs of a niiiieral acid for saturation. 

Miiriioi) oi pKiK'iJDUia:: The precipilatioii is inad<i witli niii^jncsia 
iiiixliiic, tin* pr(',cipit!itc well wjislicd with ammonia, and the latter eom- 
plt'lely removed hv wjishin*; wilh alcohol of .00 or rtO [xu- cent.* Th«5 j)ro- 
ripihili* is then dissolv(*<i in it measured excess of acid, metliyl (U’ango 
add('({, jind I he jirnouiil of acid re<jiiired found hy titralion witli alkali. 
Cjire mus|. h<* t;ik<‘ii that all freeamnionia is removed from tlu^ filter aii<l 
pri‘*a|)itaie, and lliat Ihe wiiol(*of the douhli; sail is deeomposi'd iiy the 
jlckI hefore titralion, which mav always he misun'd hy using a rather 
huge e\ress and warming. The liiration is carrii'd out in the cold. 

This melhod has given me very good results in eomimrison with tlie 
gra\ imel l ie mofliod. Tlie smie nu*lhod is applical)le to tlu' dc'fermitia^- 
lijon ofjirsenii- and, and alsi» of iiiagiu'sia. 

I o.e. of (P(M(:tr).^» j;in. l’.,0, 

„ „ O'OUoTo gm, As.^K 

gm. MgO 

The r('ii<-hon in tin* cjim* oj pjios[)horie acid mav lx* <^xpress(!d as 
followf' •- - 

Mg (Nil,) PO, + i>H(:i -(Nll,)n.,I’0, + MgCL 

Determination of Phosphoric Acid in itsPure Solutions. U. So g a 11 c 

has invi'stigalcd \ arid is mot-lnxls for tlic al>ove purpose with the following resuit;_ 

far llio most accuiiito results are ohtaiui'd hy O 1 u c k h ni a n n ’ s inottiod. 
fii this, the i>liosph:>rie aeid is preeipitated hy an excess of magnesia mixture of 
known slrmigth in free ammonia, the ])re<upilato filtered off, and the fiec ammonia 
loft in solution is titrated hy standard acid. From the nqnatmn-- 

Tf.PO, I MgSO, + aNIL - MgNff^PO, 4-(NH,).,SO, 

it will 1)0 seen that H ,lh), - aNtl,. 

Ihe following modification is reeommeiidi'd as being tiiorr* eoinoniont and 
simple. To tin* pliosphorK- acid solution, contained in a graduated flask, an 
execfisof standard ammonia (preferahly normal) is added, fallowed hy an excess 
of a saturatitd neutral solution of magnesium sulphate. The li(|md is tlien diluted 
to the mark, wtdl shaken, and filtered, and the residual ammonia titrated in an 
alnpiot jairt of the filtiat.e. “ Meyiyl red” (see ji. 96) is especially suitablo sa 
indicator in this process, as in ammonia titrations oi all kinds. 

fhi account (.f Itssiiiiplieity, the modilijd method is well adapted foraseertain- 
iiig t G strength of the solutions of phosphoric acid employed in pharmacy. 

.1. M. Wilkie ■' has devised a method for the direct I it ration of free 
tri-bavir i.liosplioric acid in tlie sami' iiiaiiner as otiicr acids. To the 
phns|i|i„i-io ai'id .s.iliitiori is added silver nitrate and sodium acetate, and 
llie iheraled aeetic acid is titrated with standard liarvta in the pre.senee 
of lilienMiJilluileiii. ‘ 

■I'li'fn. , l.seti, 727, 72K. 

■‘■b , ItlOil, 28, Its 


«. 34, iW-atl. 
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KUMINC’r SLUil'IfUlUC ACID. 


From tlio tM|iiation, 

H,P(), H ;iA^-N(), + ;1CH,(:0 ()N!i - A^r.PO,, + IJNaNO,; -f'ltCH.COOH 

it is soon ihnt aCIIA^OOU. 

Mkthoi) or PnocRurKT:; A amount of llio/ivo acid i.s dilutod 

to about 50 0 . 0 ., oxcoss of aftproxnuatoly docuioniial silvor inf •‘uto is then 
added and (inally a larj,a‘ (>\coh«, of 5 per c(‘nt. sodium ncotab'. After 
addini; a 'u'W <lrops of phcnnlpbtiiah'iii, baryta is run in until a [>or- 
nianont pink i-oloralion is d(‘V(dop(‘d, 

1 cc. NjolPi (Oil), -- 0-(M)52:^un. Tld’O. 

' 0 00257 j;ni. P,0,,. 

Unless an o\cosv|\(> anioiml of viivi'r is added tho end point is sharp and 
easy of rocoeiiition^ since tli(‘ pri'cijntatod silver plios()hare readily sidtlos, 
leaviu;^ f he supernatant li<iiiid nearly chair. 'I’ho method is also available 
for tilt' mono-and di-alkati phos[)ha.r(‘s (animoniiim if [irestuit must bi; 
^enioveit by esaporation or boilin;;'\\iih standard alkali), but in tdie 
presenoe of alkali oarbonab' it is in'cossary also to (hdin'mine the ananint 
of silvor aotually precipitated as silv<‘r pliosplialc.' (See under Jdmsphoric 
Aeid an<l I’liosjiliaU's.) 


F’or exaniple, if a wcMglit \v of Na.ltPOj roqnin's b c.o, *^/io Ha(<)ll),. and a c.c 
*^/io AgN’O., wo liavo 

,, ,, , (c- 5/d 0-177 

Per <-eDt. >«a„(A>( - 

•* to 

Per cent. Na.,TII’0, - 

4 f/' 

or in terms of P..O^ and total Na,0. 

Per cent. P,()., 

(//-/do;ii 

Per cent. Na.,l) - 


0-2:t7 


Precautions.—.All water used must be free from (JO,. In the case of Na.>HP ()4 
it is necessary to free from Of), by l)oi]ing witti at, least suflieMUit standard acid 
to convert to NaiPPOj, due allowance being made m the baryta titration. Tho 
silver nitrate should bn tested for neutrality by treating with excess of sodium 
chloride and tben adding phenoiplithalcm and one drop of **/io NaOH. The 
sodium acetate likewise must be neutral and free from carbon dioxide. Alkali 
chloride if present has no odccl in the tiaryta titration hut must he allowed for in 
the silvcr-titration. 

OthiT methods arc d<'s<Tihc<i iitidcr Flio.sphoric Acid and Phos()liatcs. 


FUMlN<i sCLPHURIC ACID 
(Oleum.) 

Nordhausen Oil of Vitriol. 

This eonsists i)f a. mixture of SO, and 11,80,. When rich in SO., it 
exist.s in a solid form, and being very hygroscopic cannot be Y^'cighod in 
the ordinary manner. A<-cordingly, i! is weighed eitlujr in glass bulbs or 


»./. //. /. Vm. 29, 7!H. 
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in a h II and Iti* y ’ s ^das^-lap pi[>ciio. used for this pur¬ 

pose ;mv n? al»iii 2 cm. dianitdcr, with two capillary tultcs fused in. 
Til-' acid, if solid, is first indU'd and wlieii ipiite homotioiu'ous i.s siK'ked 
no into till' hull) by ituams of an iinlia-rublMT tube attaclual to one capil¬ 
lary I ubii, the otlH'T bein^Mlipp(;d in the acid. About;vr> ;;m. are takeai and 
i'ih- biilb’-hould be about half-lilleil. I'lie wet tube is carefully cleaned 
oul^iilc, ;i.nd one of the capillary <‘nds is scah'd. The bulb then 
weiiibed, bc-l 1)V siipjiort iii^^ il oil a plalinum ei ueibb‘ witli two nicks, on 
which the cuds of tln' bulb'rcsi,. In case of fracture, Hie acid runs 
iiili' the criicililc iiisteadof on the b:i,ia,ne(‘. When wi‘ij(hed, put the Imlb, 
(ipi'ii cud <!ov\nward. into a sukiII <-onical flas'k, into the lUM-k of wiiieh it 
(lUiwacllv, end cnnt?i,iiiiii^^ siillicient water to cover well rln* loW(*rpart 
<)l Ihc tube. Ih'ciiJv oil tti(‘ other point, allow th(‘ acid to run out, l»!ow a 
few droi>s (.f walcr iiilo the u|>per capillary, and finally rinse tlii‘. whoU; 
biilli t iibc by fcpc.'itcil a.s|)ii;i,t ion of wafer. Dilute tluj Inpiiil to 5(10 e.e. 
:i,nd nii;ifc 50 c c. ot if w ith sodimii carlomdc solution, u-ino metliyl^ 
oiiiiici‘ :is indic.'itoiy From tiu' acidity tliiis found must l)e dcducti'd 
that diM'ioSO,, wliicli ih di'tmmiinsl by titratiiic anotluu’ portion with 
N ,0 umIhic. Foi- <‘acli c c. of ilu* laller 0-05 c.c. normal M)dium carhonate 
i'^>ubtriictcd, cilice w itli mdliyl ovaiioci the colour clian^as when SOn has 
))asM-d into X:i,I!S(),;. 

],ct n - no <)l c.<-. of sodium carl)onatc used. 

m- ,. ,, ”'io iodine sniution retpiired for the same quan- 

tily of aci<l. 

the iicidil V d oc to ^■^._,S(), i SO , is 

(n 0 05 m) X 0-0100:»5 in terms of SO.. 

I’o ilic SO thu-' found add the SO.^ (calculated 0-(Ml320H5 ni) ami 
a-'sumc the icxid'ic, m (he absence of solid impurities, to water. By 
multiplying ibis water liy 4‘44b w’c (thlain the iiuanrity of SO.;eonil)ined 
with it to form ll.jSO„and liy deductin^Mliis from the total aculily tliat 
of thc_//rc SO;. 

TARTARIC ACID. 

(bll„0„ 15004S (Dibasic). 

Till', Ircc acid may be readily titrated wilh normal alkali and plicNol- 
I'litbalcm. 

I <'.c. normal alkali ^ 0-075021 ^m. tartaric a<‘id. 

Tin*amount of tartarn-a<'id cyistiubMU tartaric acid li<|nors is l)est 
dcj.L-rmiiK'd by pn'cipitatioii as i)ota*sium bilariralc; the same is also 
tlic i-aso with crude aryois, lei's, id.c. Manufacturers arc imlcbted to 
W a r 1 n o a ainl (J r o s | c a n for most (wliaiistive papers an this sub¬ 
ject, to winch I'clcrciicc should be imule by ail who desire to study the 
natun' and analysis of all eojiuiiereial compounds of citric a.nd tartaric 
a,ci(|s.i 

Witlioul, (Mitcrino into the copious deta.ils ami (‘xplanations ^iveii by 
these autliorilii's, tlie luetliods may l)e summarized as follows 

‘ Warincrtoii, ./. iSZf), , (I rosj can, ./. O’., 411.y06. 
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Commercial Tartrates. 

Tn tlio case of ^jood clean tartars, oven though tljey may contilin sulphates and 
carbonates, accurate results may be obtained l)y indirect motlinds. 

(а) The very finely powderc<l samph; is first titrahul Vith normal alkali, and 
thus the amount of tartaric acid ovistingas hitartrate is found ; another portion 
of the sample is tlien calcined at a moderate heat, and tlie ash titrated. Ry 
deducting from the volume of acid so used the volume used for hitartrate, the 
amount of‘base correspomimg to neutral tartrates is obtained. 

(б) Tlie whole of tlie tartaric acid is exai^t^} neutralized witli (■aiisti<‘ soda, 
evaporated to dryness, caiemed, and llio ash bitratoil with normal acid; the total 
tartaridacid is then eaieiilated from the volume of standard acid used; any other 
organic acid present will naturally he im liuled in this amount. In the case of 
fairly pure tartar>, etc., this prohahhi error may bo disregarded. 

Mktiioi) or' I'ltoci'.iniUB : 5 gm. of the finely powdered tartar are heated with 
a little water to <lis>olve any carbonates that may he present. Tf it is wished to 
guard against crvstalline carhouatos, 5 c.c. of .standard liCl are added m the first 
instance, and the lieating is londui-tcd in a covered beaker. Standard alkali 
is next iwbled to tiie extent of about tliree-fniirths of the amount reiiiiired by a 
good tartar of Lite kind examined, plus that I'quivalent to the acid used, and the 
whole is brought to boiling : when nearly cold, the titration is finislied. From 
tlie amount of alkali consumed, minus that required by the IICI, the tartaric aeid 
present as acid tartiate is calculated. 

2 gm. of the 2 >owdcred tartar are next weighed into a platinum critcil)le with 
a well-titting hd ; the cnicihle is placed over an arguud burner; lieat is applied, 
very gently at first, to dry (he tartar, and then more strongly till inllammablo 
gas oriases to be evolved. The lieat should not rise above very tow redness. The 
blaek asli is next removed witli wat«‘r to a beaker, Tf the tartar is known to be 
a good one, 20 c.e of standard 1{.,S()^ are now run from a pipette into tlie beaker, 
a portion of the acid being used to rinse the cnieible Ttic contents of the beaker 
are now brought to boiling, filtered, and the free ac'd determined with standanT 
alkali. As theeliareoal on the filter under some circiiinstanees n-tains a little 
acid, even when well waslied, it is advisable when the titration is completed to 
transfer the filter and its contents to tlic neutralized lliud, and add a further 
amount of alkali if necessarv. From the neutralizing power of a gram of liurnt 
tartar is subtracted the acidity of a grain of uiiburnt tartar, both expressed in e.c. 
of standard alkali; the difference is tlie neutralizing power of the l>a.ses existing 
as neutral tartrates, and is thou calculated into tartaric acid on this assumption.' 

Tf the tartar is of low quality, 5 c.c. of solution of hydrogen peroxide (1 volume 
- 10 volumes (b) are added to the blae,k aali and water, and immediately aftor- 
wards tTie standard acid, tlie rest of the analysis proceeds as already described ; 
the small acidity usually belonging to tlie peroxide solution must, liowevor, bo 
Tenown and allowed for in the calculation, ll'y the use of hydrogen peroxide the 
sulpliides formed during ignition are reconvert'd into sulphates, and tlie ('rror of 
excess which tlieir presence would occ£f>ion is avoided. 

Tho above method does not giv<^ tJie separate amounts of acid and 
neutral tartrates in the presenes of carbonates, hut it gives tlie correct 
amount of tartaric aeid ; it is also correct in cases where free tartaric 

* It is obvious tliut the lu'ulraluiiig power o( the adi ol an iicitl fiirfrale is exactly the 
.same as the, acidity ot the wime tartrate betore biiriiiiig. In iimkiiig tlie (’uleuVatious, it 
must be rcmciiibtircil that tlji; value of the alkali m tartaric aeid i.s twice as great in the 
caleulfttiori made from the aciilily of the nnhiiriit tartar as in the calculation of the acid 
existing as neutral tartrates. 
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acid exists, so lon^as th« final results show tliat some acid existed as 
neutral salt. •Wlnmever tliis method shows tliat the acidity of the 
original ^ul)stance is ^u'eater than th(‘neutralizing^ j)ower of theasli,it 
will t>e n(‘' Ossa.ry to flsc the method h, which is tlie only one capable of 
j;ivinj< ^a>od resnlts when tin* sam])le contains mucli free tartaric acid. 

Methods adopted by the Seventh International Congress of^ Applied 
Chemistry^ London 1909.' 

The <'rude tartrate should l)(‘carefully sam|»hMl, around and passed 
throncli a si<'ve liaviiio a mesh of OT) iniii. 

Drtkkmination of Tiiu hiTARTHATE.—A woiglicd portion of t'ln. of tlio 
sample 13 boiled for 5 minutes with 100 c.c. of waPa- m a 500 e.c. tlask, tlmn cooled, 
(liliitcd to the niaik, mixed and nitered; 250 c c. of the Oitiate are heated to 
hoiling, and titrated with potassium liydr<»xide solution, using litimis paju'ras 
indicator. The potassiuiii hydroxide softition is stamlardized under the same 
conditions with pure potassium bitartrate. 

I)KTKUMiNA’noN OF TOTAL 'lAUTAHic, ACID. — III i-asos of turtratos containing 
upwards i>E 45 }ht cent, of total tartaric acid, C gin. of the sample are taken for 
Lite deliTinination , where tlie tartaric acid falls helow 45 pci cent., 12 gin. of the 
sample arc used, tliis quantity being also taken for the aualy.sis of calcium 
tartrates. The weiglu’d portion of the sample is thoroughly unxi-d with IHc.c. 
of hydrochloric acid of sp. gr. Tl ; after the lapse of 15 minutes, the mixture is 
rin.sediiito a 200 <‘.e. dusk with water and diluted to the mark. The solution 
is tlien poured thioiigh a filter, 100 i' c;. of tlie filtrate are heated to hoilnig and 
10 c.c. of (i(» per cent, potassium carbonate solution are added slc.wly. The 
mixture IS heated for about 20 mimitos and the liquid together with the pre¬ 
cipitate is transferred to a 200 c.c. dask, cooled, and diluted to volume. After 
filtering, 100 c.c. of the liitrato are evaporated to a volume of 15 e.c., :T5 c.c. of 
glacial acetic acid are added, drop by drop, and the mixture is stirred for 5 
minutes; at tlie end of 10 minutes, 100 c.e. of 95 per «-ent. alcoliol arc added, 
the stirring i.s emitinued for 5 minutes, and, after the lapse of a furtlier 10 
mmutos, tlie liquid portion is poured through a Hlter, tlie precipitate is washed 
three or four times by decantation with a little alcohol, then brought on to the 
Idler and washed with alcohol until the washings are free from acidity. The 
filter togellier with the precipitate is then placed in a flask, boded witli HOO c.c. 
of water for 1 minute, and the hot solution titrated with pota.ssuim hydroxide 
solution, iisiug litmus paper as indicator. Tlio following corrections are made 
for the volume of the insoluble matter;—For tartrates containing 20 per cent.’of 
total tavtanc a< icl, 0'8 is deducted from the total percentage of ai id found : for 
do per cent, tartratc.s, 0-70, and fo?t40 per cent, tartrates, 04>. In the case of 
tartrates containing 50, 60, aud 80 per cent, of tartaric acid, 0-25, 0*15, and O'l 
per ceut. is deducted respectively. • 

Cream of Tartar. 

When proparud by boiling crude tartar or “argol” with wafer, filter¬ 
ing, and crystalliziiig the salt from the clear liquid, cream of tartar 
always lioitains more or less calcium tartrate, which, tliough nearly 
insoluble in cold water, dissolves witli moderate facility in a hot solution 

' W Carles. (Vim. nmdi/f., 1910, 15, 2dl. 
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of acid tartnitic of potassium. Ki'oni «^\j)erimoMts maUo, as wall as from 
nnnKTOUS analyses, Allen' nnu-luded that tlio cotivnercial articl<‘ 
should not 4-ontaiii more tiian 1) or 1(1 p(!r cent, of calciiiin tartrate. 
After a (•onsi<h'ration ol possihhr impurilies. hi: roeotiimriided tlu^ 
foilovviii;; [iroees.s 

1. Dissolve 1'881 "in. ol the moisture-fr(‘e samplt* in in t water and 
titrate with w eaiistie alkali and phenolphllialein. In the ahsenei* of 
aciil potassium sulphate (and of free tartaric acid) (>ach <-.c. of alkali 
required represents 1 p(‘r cent, of acid pot'assimn tai'trat(' in the sainpli*. 

2. Ignite 1-881 cm. of the moisluie-fr<M' samph' at a dull red lieat for 
10 minutes, vvithoul altmnplin^ ti> burn off all the earbon. ihni the 
produet with water, lilter. and wash the insoluble earlHmaeeoii'' i-esidno. 

(ft) Titrate Ifie filtrate with ^/lo H(U ami methy!-oranc(‘. In a pure 
sample the volume of acid re<iuir<‘d will exactly (‘((ual tliat of tin' alkali 
consumed in process 1. The presence of calcniin tartrate in tin- sample 
^does not affect the results. Kach c.c. ol ilrjirinirii of acid re|iresents 
0-30 per (‘(mt. of calcium sulphate (('a,S(b) or 0'72 percent, of IvfISO,. 
Any crees.s' of acid nMjuiivd points to the presi'iice ot neutral potassium 
tartrate, each e.e. of ditferema' representiuc 0-(j() ptu- cent, of that salt. 

(b) Ij^nite the carboiiai'eous residue, di.ssolvc in 20 c.c. of ^ ^ acid, 
filter if necessary, wash, and titrate tlie filtrate with ”'io alkali and 
inetliyl-orance. Kach e.c. re<|iiired corresponds to 0 oO pcr<-cnt. of cal¬ 
cium tartrate or 0-30 jier cent, of (kiSth. 

' Oil Itie ('(>iti|nisitinn .Hill aii.il} si< mI ciKiitiii t i-i.il c tv.iiii "I f.ii t.ir, Thf . I itulihl, ISaii, 21, 

171 and 209 
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ANA1*VS!S liV OXIDATION OR RKDUCTION. 

Thk niinilK'i- of iiK'tIuMnof :in;il\sis liai^od on oxidaiinn or rc<lu(‘tion 
is vorv and not a tVw of llicni po'-so'vs oxlronio accuracy, sucli 

aciMiraoy, in faot, as it is not possddo to attain hy any j<i'avimetri(; 
inothod. Tlio coniplction of tin* vflrioiis prorov^o is };onorally siiowr 
l)V a disiiind fhai^g<! of coluin, tin* l»‘:uitilnl Kiso-rc'd tint of por- 
nianiianatc! and tin' iduo colour of iodide of starch . and as tin; smallest 
(piantity of llicso siihstanccs sulliccs to cnloiir distinctly larj^c volumes 
of li(|Uid, llui slightest (‘xci'ss of Mu' oxidizing ag(uit is siilliciont to pro* 
tliicL* a ilisiinct cllert. 

The [)nuci|)l<^ involved in tlu; process is extreiiicly simple. Sub¬ 
stances having a strong a.llinity tor nxygen are brought into solution, 
and tilrated with an oxidizing solution of known strength. For 
example, bu'rons salts rapidly absorb oxygen, and wlnni a selntion of 
pormaiiganale is gradually adde<l to a solution of a ferrous salt tin* 
latter instantly diseharg(‘s the colour of the tli-opsat first run in, but 
after tlie wlioh* of tlui ferrous salt has l>een eonveried into llie ferric 
staUi tile Ihpiid becomes rosi'-coloured on llie furtlna’ addition of a few 
drops of p(*nnangaiiate, tlie ai»pearanc<‘ of this colour indicating tlie 
(‘ompletion of tln^ change. The reaction is, in its simplest form, as 
follows — 

lOFeO -I- I\,Mn.,(b --- aFe.O,, + :T\In(‘ i K,(). 

The titration is carried out in tin* presmiee of dilute sulphiirie acid, 
anil sulphates are formed. Hiimlarly, oxalic acid, iii tlio presence of 
sulphuric acid, is readily oxidizisi by permanganate, carbon dioxide 
being formed. The reaction is 

r>II,,0,Oj i- K.,Mii.A + li)CO, I- L»MiiSO, -i K.SO, + ' 

Here, again, the appearance of a rose tint in llu* solution shows that 
the oxidation is complete. 

The strength of many oxidizing agents is determined hy adding a 
known quantity of a riHlucing agent in excess, tin'll ascertaining the 
amount of this excess ])y residual titra.lion witli a standard oxidizing 
solution. The stri'iigtli of the reducing solution Ix'iiig kniwvii, the 
quantity reijuircdis a measure of the substance vvliich has lioeii reduced 
by it. * • 

The 0.1 idi::hi(j ayrnfft most frequently used are potassium per¬ 
manganate, iodine, potassium dichromate, and potassium ferricyanide. 
127 



128 


ANALYSIS BY OXIDATION OH REDUCTION 


The reduchuj agnitn employed are sulpluiroiis aeid, so<ljLim tliio- 
sulpliato, oxalic acid, fcrrons salts, arsciiious oxide, sUiii^pms cliloride, 
potassium ferrocyaiiide, zinc and iii;i.^oiesiuni, Titaniujii chloride, a 
very powerful redininj^ agent, will he referred to latier. 

The most commonly used comhiuations of tin; ahov(‘ an':— 

1. Permanganate and ferrous salts: permanganates and oxalic acid. 
Both used in suljdiuric acid solution, the appearance of a ro>e colour 
being the hidicator. 

2. Potassium diehromate a?ul ferrous sails, with ])(>ta.ssium ferri- 
eyaniile as exhunial indicator. 

IV Iodine and sodium thiosulphate; iodine and so<lium ars(‘nite; with 
starch as indicator in eacli ease. 


PUKPARAl’ION OP STANDARD SOMJTIONS. 

, PERMANOANIC ACID AND FERROUS OXIDE. 

I. Potassium Permanganate. 

K-MtioO,, = l)16'(M5. Deeinormal Solution IMOl gm. p»'r litix*. 

1 e.c. = ()()008 gram Oxygen. 

Thk solution of this salt is l)esl prepared for analysis by dissolving 
the pure crystals in fresldy-dUtilled water, ami should I'c of sueli a 
strength that 17'llc.c. will oxidizi* 1 ileeigram of iron. The ''olntum is 
tlien deeinormal. As distille<l wati'r always contains traces of organic 
matter, about STUl gm. of the j)ure <lry salt should he dissolved ma 
litre of vvat(!r, and the solution eilln'r boiled or a stream of air (tilh'red 
through cotton wool) [massed Ihrougli it for some time. If tli<' solution 
be now storo<l in a <larls place for s<!vera! W('<'ks, it will be touml that 
very little, if any, cliarige in strength occurs. If not tn'ated as above 
when first made, the solution should be kept from S to 14 davs lad’orci 
use. It should then be filtered through asbestos, and sramlardized l)y 
titration in one of the following ways : 

2. Titration of Permanganate. 

(a) With Sodium Oxalate. -Experiments made iimh'r the diret:1ion 
of the U.8. Bureau of Stamlards to discover the best (Muidiiions for this 
standardization have resulted in the re^omnumdation of the following 
method» 

0‘25-0'3 gm. of tlie oxalate (which should lie dried nt MH)" for a 
few hours before use) is dissolved in 2(K)-2ri() c.e. of water at 80-1)0*^ C 
in a 400 e.c. beaker, 10 c.e. of sulphuric acid (1 : 1) are adih'd, and llie 
permangauate solution is then immediatidy run in. with con.stant and 
vigorous stirring with a small tlnuniurnebu’ instead of a glass ro<l. Not 
more than 10-15 c.e. should be added per minut(!,an<l the last O-5-l-Oc.c. 
must be added drop by drop, 'i’hc excess of permanganate‘necessary 
to produce the final colour must be ascertained by a control tost. I’ho 
solution must not be below fiO'^ C. when the final point is reached. 
■Results are accurate to OT [ler ('cnt,, probably to 0*05 per cent. 
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Since 2Na.A.()4 vieM 0., IH4 i^in. of oNalate corn'Kpond t(» 10 of 
oxvpen, or0-7#-ni.of oxalat<; to ()-8 ^\u. of oxyj^en, i.r*. to I litre of *^/io 
|H'nnanVaii:ite ilenc(‘ 0 2o ytn. of ^o.liuni o\aIat(' i'(M|uir(‘s llT'Ol <‘.c. 

of N 10 p(‘rni:m}i'an!iie* 

(/.) With Metallic Iron, -’rin-re is no (hflicultv m olitainm^' iron of 
fM) 8 per cent, {tiiritv. It is sold in the form of tliiii win*, each piee(‘of 
whmli slioiihl he dniAvn Itetwejoi two pi(M-(*sof line ennny clolh^and tlnni 
wi[>ed wirli .kIi'v clotli hefor<’ Use; this lieatiiient reniovi's rnsl. 

3fKTiioi> OF IhmcKoi’nE : h’it a tif^lit coi-k or nihhcr stofiper, with 
honi delnerv tul'e, inlo a fi:isk holding alxnit UhO l^c., and clampjt in a 
reiort stand in .‘in inclined position, I he tube hi'in^ so bent as lo di|) into 
asinall beakerr<)nta.inin^ l>uiv water. Kill tlu^tla^k one-third with pure 
dilnle viilphnric acid, ami add a b'w ^n-aiiis of sodium carlxinale in 
erV'^la.Is ; the (X). so produced will drive out tiie ji.ir. W'liih' this is 
jK'inu done wei^^li about ()•! ^U’am of llu^wire; put it pnickly into the 
lla>k ulaui the soda, is di'-sohed. amkappiv a. i;enth‘ boat till the iron is, 
completely in '-olulioii; a. few l>lack specks ol ca,rl>on an* of no conse- 
(pience. The fla.sk is then ra])idlv ooole<l umler a. striaiiu ut cold water, 
<liluted if neces^al with soiiii' i(“centIv boile<l .and oooIi.mI water, and the 
p)U'nian,Ltanato run in cautioiislv from a lap Imndte, with «'onstant 
shakiu”, uiih! a. taint ro'-e-<-olour is pcrm.aiu'iit. 

'I'he ((('composition W'hicli ('msih's I roni ti'rat in” fi'rrous o\id(‘ liy per- 
iiiauj;anic acid iiia.v lx' repr('S(‘nl(‘(! a.-- lollows ; 

lOK.'SO, I 2KMnO. i-8ll.,S(>, . :)Ke.,fSO.), a K,S(), a 2MnSO, a HII.X). 

The W(‘i;.;ht of \\ im‘ taken, mil It i plied by (b'.thS, will tlie a,etna! 
\\(‘i”hl ot pure iron upon winch t(t calculate the slieiii(th ot tiu* [ii'rman- 
xanale 

Th(' content of iron in iron ware used ma.\ he ih'ti'rmine(l by means 
ol a permanya.nale solution that has b(<‘n standardi/ed by sodium 
oxalate. 

(c) With Ferrous Ammonium Sulphate. In order to ascertain the 
siri'ii^tli of the pi'rinaneanaT.', it may Ik' litra.b'd with a wei.ifln'd (|ua.nliiy 
of this snl)>ta.nee iii'-tead of melailti- iron. 

This Mi,lti Is a. eoiivc'iiient om* for lilralinj; the permam^anati', as it 
s.aves the tilin' and troubh' of di.^soKing the iron, and when pt'i'fectly 
jmi’i'. It can Im' depemh'd on without risk. To pre))are it, IT.) parts of the 
imivst (T) ^tais of ferrous siilpliale, and lit) parts of pnri' crystalh/.ed iun- 
Tii ininni suljilia,te ari' separately dissoKi'd in tin* hnist possible (puintity 
ol (1.sidled water at about ■KT (k (if the solutions an* not perb'clly clear 
the\ must helillenxli; mixtln'm at, the sann* ti'inperatun* in a porcj'iain 
dish, afldine .i few drops of pun* svlpliuric acid, and stir till cold. 
Ihiiine tin* stirnne tin*, donhli* salt will fall in a finely ^uaiinlatod form. 
Set Hsidi* for , 1 . few hours, then ])our off tin* supernatanf. Ii(|uid, and 
lunpty the salt into a. clean funnel jilueoed with a litth* cotton wool 
so that tin* mother-ti'iuor may drain away ; the salt may tlii'ii he (|uick!y 
and re|)eatedlv pn'S'.iMl between frc'sh sli(*(‘ls of clean filii'nii;; pafior. 
Iiastl\, jilaci* in a. ciiireiit of air lo dry tlioronchly, so lli.it the small 
j^rains adln*r(* no lonj^iT to each other, or to the p.aper in wdiieh they 
are contained, tiu'n presoni* in a stoppered bottle for usi*. Only a few 
ounces should he made at a. linn*, a.ecording to the direelions above, as 
h 
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if laig<' are made it is difTicult to dry the granular salt in 

pui‘(‘]y ferrous state. ' “ 

Tile furmulaof th(‘salt is -Fo (NH,). (.SOj).,., OIT./) =-31I2-14. Const 
<|Ueutly it eontaiiw almost exactly one-sovouth of its vveiglit of iron 
0'7O2:t gm. n‘|iresents 0‘l gm. Fe, and this is a eonvouient ijuantity t 
weigh tor tin' purpose of titrating the i>ertuangana.te. 

Method of PiaK’KDCKK : 0-702:1 gni. Ix'ing brought into dilute eoh 
sohUiou in a Hask or beaker, and 20 e.c. of dilute sul})hurie acid (1 to 6 
added titration of penuariganaie, or any otlxu’ substance by it 
shoiih’ always take place iii the presence of free acid, and [in'ferabb 
sulphuric', Ihe perinanganafe is delivere<i from a. bun'tte with glass tap 
as ))efore described, until a slight rose colour persists. 

(d) With Oxalic Acid. —This is a very <iunT method of titrating jM-rman 
ganatc, if the exact value of tlio solution of pure oxalic acid is known. 10 c.c. o 
normal sohition are brought into a (lasl^ witli dilute sulphiinc acid, as in the ca.S( 
of the iron sail, and considerably diliib'd witli water, t lien warmed to about HO' 
C., and tlie permanganate added from tbi' burette. Tbc <'olour disappears slow!) 
at first, but afterwards more rapidly, becoming first lirown, tlicn vcllow, and sc 
on to colourless. More care musi Ik! cxcrc-iscd in this case than in tbc titration 
with iron, as tiie action is not momentary. 100 c.c. should ht' required to be 
strictly dccinormal. The clienueal change which occurs is c.xplamed on p. liiT. 

3. Precautions in Titrating with Permanganate. 

It must be Ivirru' in mind that free acid is aJv\ays necessary in titrat¬ 
ing a substance with pm-mangaiiate, iu order to koe|) tlie resulting man¬ 
ganous oxide in solution. Sulphuric acid in dilute solulion lias no 
[irejudicial (dleel on Die [iiire p<*riiiauga,nate, r‘\en at a iiigli temperature. 
With bydioclilone acid Die .solution to belitratcil must he vm-y dilub* 
and at a low temperaliiiv, otherwise ehlorim; will Ik* liherafed and Die 
analysis'.polled. This acid acts as a r<‘ducing agent on permanganate 
in concentrated solution, thus— 

Mn,,(b + UHCl - 7H.,0 + oDl,, -i 2Mn(:i,. 

Tlie irregularities due to this roaeiion maybe (Mitirely obviated by the 
addition of a few grams of manganous or ammonium sulpliati* before the 
titration, wbieh must Ik* performeil alntvhj. 

Ins|)il(‘of the manifest advantages of standard dieliromale where 
tluu’e an* nxisons for titrating iron in i.ydrocliiorii- acid .solution, many 
attempts have been niaile to work out a metliod with iM'rniangauale 
which shall beac<*urate and reliable under practical conditions.' For 
details of some of tli<‘.-e methods see under Iron. 

Organic matter ot any kind dccompo.sos the permanganate, and the 
solution therefore cannot b<‘filtered through paper, nor can it b<* used 
in a clip burette, because it is decomposed by the india-rubber tube. It 
may, however, bo filterml through gun-eotloii or glass-wool. 

> Krt'.sc 111 us, / . 1 . C'., lHii 2 , tttil; Z im m c rni a 1111 , .\uii<ilr)i, 1882, 305; 
Kc in li a r'l t, /, 1889, .S2.3; Hrandt, ('hi'tn. X., 1908, 812 , etc ; Friend, 

C'/ev/f. Sor. T/v 1909, 95, 1228 ; J 0 iie.s and .1 clfc ry, AhuIijkI, 1909, 34, 306. 
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Ai,i, tVrri'* (oiupoiinds rc(juirin^f to lx* dotormiiied l)y jiorman^^anate 
imi'-r.-d cmii'si*, Ih‘♦ odncixl to the ferrous state. This is host aecom- 
pli^lii'd l>y nuda.llu- ziiu; or mai^uosiniii in snl})huri(j acid solution, 
IIvdt'(»( ldonr acid may also ho used with the precautions mentioned. 

Tli(‘ riMliirtiDU oeeurs on simply adding to the warm <iiluted Mthition 
small pU'ciN of /.iiie(lree from inm, or at least witli a knowi^ quantity 
present) or <‘oars(‘ly powdered magnesium until colourless ; or until a 
drop ol Ihe solution brought in eoutaet with adroi>of potassium thio- 
cvatiale [no<liiiTs no hmI colour. All tlie zinc or magnesium imist be 
dissolved jirevious to ihe titration. 

The r(‘due( iou may he hastened considerably as shown umhu’ Iron 2. 

When \ \w l■(‘duetl.)n is complete, no time sliould he lost in titrating 
llie ■'idution. 


CALCULAriON OF THE RESULTS OF ANALYSES MADE WITH 
PERMANGANATE SOLUTION. 


Tiik ealeiihilioii of the results of analyses with permanganate, if the 
solution IS not sliietty di'einorrmil, mav Ite made by aseert.aining its eo- 
etlieienl. fedueing th(‘ nuinl)er of e e. used for it to (Iceinormal sr,ren‘d,h 
a.i.d nInItijdving the iinnibi'r ol e.e. tlius tonnd 1)V' ^,j,,,, of the e<piivalent 
weight of the suh-tain-e smighi,; for instanee - 

Suppose (hat 15 e.e. of permanganati* solution liav(‘ been found to 
epiia! 0 I 0 , 11 . 1 , 011 ; it, MMiuired f^o reduce the 15 e.e. to d(‘einormaI 
strength, which wo.ihl iV(|iiire 10(K> e.e. of permanganate to evm'V 5'584 
gni. ol mm, therefore 5-584 : 1000 . : Od : r . I7 0 e.e. ; ITd) x 0-(M)5584 
O'OOOOo gill non. which is as near to ()•! gin. as can lx* requinxl. Or 
the eoelliruml neciissary to rediie<‘ the numlior of e.e. used mav be found 


as lolluus- (I t . 15 : : 5-584 , 8;PH c.c.. iberefore 

8a-» 

( oiise(jueiitly I'104 is tln‘ eooHiei(‘n’t by w'hieli to convert the 
"I ' .e of tlni.l spec-ial permanganate to deeinormal strengtli, 
thi^ weight ol suhst,;t.iiee sought may be found in the usual way. 

Aiiotlno- [ilan is to lind tlu^ ijuaiU ity ot iron or o\aliit arid ri'presented 
hv ilie.pennanganale used in any given analysis, and this being done tlie 
h'dowing siniplo, rquatioii gives (-.lu^ re<|uir(al result 


^ 1194. 

uuiiibor 

whence 


Fe, (.>5-84) eq. weight of the weiglit 
: the sulistanei^ : ; .of Fe or 

0 (03-024) sought 0 found 


the weight of 
snhstanee 
sought. 


In other words, if the (‘(piivalent weight (d tlio sulistanee analysed be 
divideil hv :,;,-84 or i;3-024 (the respeetive equivalent weights of iron or 
acid), :i, euellieieiit is oldained by vvlii.-h to multiiily liie weight of 
Hon oi < 4 x:die aei<l ei|ua,l to the pei-maiiganate usi'd, and the ju'oiluet is 
the wetniit ,,| ||„. suhsianee iitraded. 

l‘|ir ('i.-uiipl..: hiil|i|mi'<;tti'(t liydnij^eii is thi! sulistaiuv sought, tlio oq. 
W'lRlit of H,,s cnncsponiling to 2 .m|, Fo is 17-04:! ; let this iiumher bo 
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divided by r)5’tS4; ^ " 0'li0i')2 ; liu'ivfen', if llm iinMiiifv of iron 

r(‘pivson((Ml bv tin' |)(‘rman^^Tnaio nsod in a doionnitjadon of ll.^S bo 
multiplied Itv 0-:f0.V2. tlie product will be lh«‘ of I lie snljiimretted 

hydrogen ''ou^dit. 

A^^ain : in tlio <-ase of nian{,M.ni‘se pero\i(|e, of wliicli l‘t«‘ c'jni\a]<'nt 
\veif,dit is ; 


4:t-4(;5 

:»o-84 


(>■7784. 


'I’hi weiybt ol iron, Iliciad'orc, found by pcrnia.nj;:inalc in a,ny analysis 
multiplied l‘V tlic coellieii’nl 0 7784 will j^ive the junoniit ol jieioxide 
MnOo. A”ain ; if in j,Mn. iron Ic c.c. perrnanyanafe, tlien 1 c.c. por- 

iuani;anate ■ i;Mi. niclallic iron. 


The cijuivaleiUs here f^heii are pn the hydrogen si-;i!i\ in aceordaiieo 
'with tlie normal >ystem of solutions adopted ; and tliiis it i.s seen tha,i 
two etjiinalents of ||•ou are conviu'ted fnmi the l(‘rroiis to thf‘ lerric state 
by the same qnantily of oxy^am a'siillice.^ fo o\idis<Mino cquivalenl of 
oxalic arid, siiljilinretled livdroyen, or inanf.tanese peroxide. 


I c.c. -lecinormal permanganate is equivalent lo 
l)00-05Sl gin. be (IctcriiiUK'd in tlu' ferrous state 
0-007181 „ 

o-oos 
0 0087;.{:i 
O-OO-'/JHo „ 

0 00.^08 
O-OOllH „ 

0-00270 ,, 

0 -ooais „ 
o-ooo 2 r. ,, 

0 001705 ,, 

0-0008 
o-oocr-i „ 

0-002 

0 0120 „ 

r When po'.siide, the nceosary coellicicnts will l)e givc'ii in thii taides 
preceding any leading siihstain-c. 

i 

DETHRMINATION OP PERROUS OXIDE BY POTASSIUM 
DICHROMATE. 


FeO „ 

Fein,. 

i'V' ,, from FeS 

Sii ,, „ St 01, 

Sii ,, ,, SnS. 

(li detcrniincd fioiii OiiS 
:\Iii „ MiiS 

(.'ll ,, Ou 1- Fc,OI„ 

Ou ,, ,, CuO 1 Ft' 

J1 S 
0 
(> 

(.'a from OaO.y q 
Ur ,, UrO, etc , etc. 


(1* c n n y ’ s Method.) 

roTASSii’M dichromab', as a reagent for the determination of fm-rous 
iron, po^s^>^^^>s tti(‘n'lvaiifage.'o\('r permanganate tliat it ma\ easily be 
obtained in the purest slate, it is abselulcdv jiennaneni in sobit^ioii, and 
its solution ma,y l»e usetl in a. M «»li r ■ s burette. On llie ol Iku' iiand, tlie 
end of tlie reaction i-an only b(‘ asct'i-r.-iined by imcuis of an I'xternal in¬ 
dicator. For this pur[»os(‘ n jWshfii-mnilr and very dilute solution of 
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potassium fori'icyanidi' ^ is spotted on a white tile anddrnpsof tlio ferrous 
solulion iin^ l^’om tiim* to tiiin* hrou^dit into couta'*! witli the spots of 
the in<li' :itor. At (ir^t a (l(’(‘p-h[u(‘ colour is ])ro(lucO'l where tluMlrops 
meet. l)Ul .•i'' tie' addition of di<-hi'omat(! is continued thi'^ giv(!s place, to 
a l*hii-,h eicen, then gieen, shade*, and the* titration is compieti^d when 
a drop of Ihe iron solution phu'ed on the tile ajipi'ars of the sami* colour 
as Iliad of the mixed drops ol solution and ferrii'yanide. 

The reaction may he simply expressed as follows:— * 

L'CrO, + (ilVO + ;iKe,(),. 

The decomposit i(,ii fa,kes place iminediatelv, and at ordinary lempera- 
tures, 111 lli<‘ pre^enei* of free liydnielitorieor sulphuHe acid. Nitric aci<l 
IS, (»l course, inadiiiissihle. 

The n‘(ln<-iioii of ferru! eomponiids to tin* ferrous state nia,y he eifecteil 
hy stannous chloride, sodium sulphit^;, ammonium hisul[»)jite, sulphurous 
aei<l. or iiiaeuesium Zinc is not, st> <;()od for tliis purpose, as Liu* ziiie* 
h’l ric\anid(‘ som('\vlia.i ohsciircs ilu* (Uid-reai-tion. In tlie analysis of 
iron ores sfauiioiis ehloride is jimst useful, as it \er\' l•a.pidl\■ l■(‘dueos the 
lerrie sa,it and < aiisi's tin* yellow colour to ilisapjieafaJmost immediately. 
The rediiel ion is i arru’d out as folhiws • 

'I Ik* hvdroeldone acid solution <if iron. eentaiuin!.i a la.i'<,KM*xeess of 
lice aeid. IS healeil lo l>oiliii” ill a Mask a.nd fairly stroiij;' stannous 
•dilonde sol Ilf loll di\)p]>ed into it 1 i-om a imt'ei.te "ora di opping tube til! 
the veliow <-o|oiir ol (he solution iin^ iieaidv gone Tiie rediicuon istlK*n 
linished |]_\ adding ,t, more diIuti* solulion ot stannous eliloiTh* a drop 
at a time, with agitation atter each a,ddilii:in, till the iKpiid has a faint 
sea-gr(*eu colour, <|uilc h'('(* Iroin any tinge of yclh.iw. 'I'o guard against 
any e\( es^ di stannous chloride that might Ije present and so lead to an 
unduly high H'siilt, alioiit. 4 e.e. ol a. 5 per eenl. solut.ion ol inereurK* 
(diloride may ln^ a,ild(‘d ; this eoiu'cris any sl.-uiiioiis chloride into tin* 
'^tamile c(.inpoiind with preeipitaiion of meivnnms chloride, which does 
not intei tere with tlie tatration Tin' Mask is tlien em[)tied into a hasin, 
nnsed out ihoroiigldv with hot wader, a,nd Mk' Liiratioii immediately pro- 
ei‘('<l('d with, 

Kediiriion willi siilpliuroii^ acid IS carried out as lollows- Kinse 
down the iiisidi' ol the Mask and slowly add <iiliite ammonia solnlion, 

' 'nsiiintiv shaking (he Mask roimd, till a faint iiermanent preeipitale*is 
ublaiiK'd. Ni'xt pour round the insirli' ol the Mask 25 e.e. ol slinug solu- 
ieej of StTaiid then 50 e.e. of ^-ater, ami boil till free ftom eyery trace 
"I 1 lie li(|iinl should lie quite free Iroin any tinge of yellow. Then 

udd to tin* solution 10 e.e. of dilute sulphiirh-acid (I : 0) and titrate at 
once with die’.iroimide solution. 

i'or the a,tiK.tysis of iron oivs it, is most ('onvenient to lake 0*5 gm. for 
the analysis, and to use a solution of diehromate eoutaimng exactly 
4xW0gm .)f the pui-o crystals per liliv. L e.e. - (HM)5 gm. Ke, and the 

• 

' II 01 irm. 1,1 till. cT.ysl.ils ilissolvcl iii 20 r c. ot wiitrr. 

" '' '.''''I.I'.'' tl". imi'li'.'.', 111, S.,liiu„ii am,III,illy in.iiki tlie ttlase. 
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number of c.c. used in c/ioli detcrniinution gives tin; pereentnge of iron 
present witlnmt any calenhvtion.' , 

I. Preparation of the Decinormal Solution of Potissium Dichromate. 

4'00:{ gm. [)er litre. 

From the equation 

' OFeO + KXrA - 3Fe,0, -i- 0r,(), i K,() 
wo see that each mobM-ule of potassium diehroinate gives up ') atoms of 
oxygov, e(pnvalenf to 0 atoms of hydrogen, llimee, as I he moitwular 
weight is one-sixth of this in grams is e«|uivalent to l'0()8gm. of 
hydrogen. In other words, a normal solution e(uitams gm. jier 

litn;. For most purposes. howev(‘r, a deeinormal solution, eontainmg 
4'{>03 gm. {ler htn*. is more useliil and is the one geiierallv employed. 

1 e e. 0-t»0ar)H4 gin. Fe. 

2 . Solution of Stannous Chloride. 

ld-ir>gm. of pure tin are melted in a |tor<-elain dish and pounsl fi-riiu 
a lieight into eold water in a liirgi* porcelain dish. 'I'lie granulated tin s(> 
obtained is transfern'd to a. 8iM) c.e. llask and about 2dh c.c. jiure hvdrti- 
ehlorii'aeid added, togetl.er with a piece of plafiniim toil 'J'he Hask i?. 
eovm-ed with a glass marlilo or wah-li gla,ss and liea,te(l tm a hot plate till 
solution has takmi place. The stnuigat id soluliou ihu-. ohlaun-d is ke|)t 
in a bott le witli a ruhlu'r sfo[»per, a few pieces t)| granulated im Iteing 
addiMl in order to pn'smae the sr»Iulion iii Ji«' staniioiN slate. For rediu-- 
tion of b'rric salts about o e.c. of the solution is diluted lojOOee. with 
wtder when required. 

lODIMETRY AND lODIMETRIC PROCESSES. 

Iodimetr\, or the process of diderminliig iodine \oliiiiiet ri<"dly, is 
l>as(;d on a method, due to D ii pas(| u i e r, of determining siilpliu ions acid 
by titration \vitli a standard solution of loiline in jiolassiiim iodide^ 
wliieh was run into the sulphurous aeid until a colour a['p('ared. TIk; 
reaction is aeconling to the tullowing equation ; • 

* SO, + I, -t liH.,0 ^ 2TJI + H,SO,. 

Incorrei-t results having frequently been obtained by tins inetlio<l, 
liowever, D u ii se n iiiv<*stigab*d it an<l ftniinl the cause of failure to lia\(: 
been the use of a too conc('iitral<'d solution of SO,. He provi'd that the 
aliove eipiation held good only when sulphurous a,eid of no greater 
strength than 0‘()4 pereent. was used. With stronger sointunis tlic! action 
in a sliort time i> reversed. Bv tin; use of a dilute soluliou of SO, 
standardizoil with an iodine soluti<ni of known value the strength of 
another iodine solution eould Ik* determined (iodimetry). Siilj)huroiis 

^ Hie weighed portion ol an iron-ore should he ignited, gtoitly at lirst, gi a’ plaLiuuiu 
crucible jirevions to being 'Itssolved in h^drochlorn acid, in oeier to dfslroy all organic 
matter present, t'se 25 c.c. of a<-iii and boil on the hot. jilate till the rc.sidiie is lairly 
white. 
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ncid so!iiiion«, liowovcr, ehaiif^e in strrngtii ko rapidly on arcoiint of 
spontaneous a.n<l I'ontinuous o\i<iation, that tlioy cannot bo made to 
serve as staml^irds, and they haw Ixani ontiroly replaced Ity sodium thio- 
s!il[)tia1e solution, ag reconiniended by Sclnvarz. This salt is (eisily 
ohtained in a pun^ state, ami may lie weighed direotly for a standard 
solution. The ri‘aeti<ui in mmtrat or faintly acid solutions is as 
follows 

2Ma,,S.,(), + I, - 2Nal -i NhuS.O,, 

sodium lodidi' and t«‘trathionale being foniK'd. 

'I'll'* action i>f indim^ on sodium tliiosulphale in alkaline solution is 
iiTi'gulai and eveevova*, ev<Mi when the alkalinity is due to a bicarbonate. 

As indicator starch solution is used, whieh gives with the slightest 
trace uf tn-e io<lme, at nr<linary lemjxTatun's, ilu* well-know n l)!ue lodnle 
of starch, ti y<lriodu‘or mineral acids and iodides ha\f‘ noinflmmcc^ upon 
the i-olour. (’aiistie alkalis di'slroy 

Dirniii to till' I'oliihlilii of io<l/nf\ oil ioilnnrlrif <^(■(l■nluixiliona 
In' fiirrif'i} out ni jilif<.s stopjn ird Imdlt’s, irhioh tin' lopl iwi-cjit (liiriiuf 

l/ll‘(ll/OIIS. 

\\'id<*-moutiied holtles ol tiiiii glass, of gott-IKH) c.r. (*at)aeit_\, answiT 
well in most eases. 

lodimetric Processes an* tliose in winch iodine is a product of ri'- 
action, ami hy determining itsamount tluM^fpiivaleiil '|na.ntit\ ofa.not)ier 
(dement or group of t'letm'nls is dc'dueed. Free ehlonne or bromine, 
for (‘xample, is (h^b'rmiiual by thi‘ e<iuiva.lent amount of iodine that each 
s('ts fii'o fiom [)otas'-ium ioiinh'. solution. Simiiarlv we nm\’(|(dermine 
chidnb's and hvpochloritt's (doeomposixl bv iiydroidilorie acid and potas¬ 
sium iixiide with s(‘[ia.ration of nxiine); ehronian'", ehtorati's and the 
higluM-oxides of lead, mangaiK'st', nndstd and eoliait (hy treat mg (‘ueh of 
lliese substanees in a diminutive distillation lla.sk with hydrindilorie acid, 
c'dloeling rli(‘ evolved (diloriiu' m pota.ssium iodide solidmn and (hd(U'- 
mimng the kxIhu* sid, free). 

The piiticiple of tins nudlmd, naimdv, the U'l' of lodiiii' as an indirect 
oxidizing body liy its aidion upon tiu' (dmmmis of water, lorming hydri- 
odic acid with tlu^ hvdrogmi and liberal mg tln^ o.w gen iii an active' state, 
can lie applied to tlu' (h'termination of substam.x's which take up oxygen, 
and d(jeolon/.(‘ llu' iodim* solution, such a.s snlpiuiroiis acid, suhihites, 
'nlphiire1t(‘d hvelrogem, adkali Ihiosulphati's and a.rs(‘niles. stannous 
chlorid('. (‘Ic. Th(‘se are lirought into dilute solution, starch adih'd, and 
tli(! iodine delivered m with e»fns(ant shaking or stii'ring until a point 
^ occurs at winch a (imil drop of iodine colours the whole bliu* a sign lliat 
the substance can take'up no more* iexline', and that the drop in excess 
has shown it e eliaraeteristie e'th'ct upon the' starch. 

In iodine titrations the^ Idue colour often re'apjx'ars afte'r the' titration 
with thiosulpliaie has been eomple'te'd. The most freepient cause of this 
IS the' prese'iice of nitroge'ii peroxMe denve.'d from tlie air or water. Free 
or (•oinhine'd bromine*, whieh ae:ts more' slowly than iexline u|xm tliiosul- 
phate, initv liavi; the same edfe'et. Very sligiit trae'cs of iodine' do met act 
at oiiee' upon starch, but only after se.nue time'. In the' absence of excess 
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of thiosulpluiio tlio, solution inusf, lluM-ofniv, l»ocoiiie l)lu(‘ after 

soiiiu fiine.' , 

I. Preparation of the Decinormai Solutioij^of Iodine. 

lli'GUl' ^nn. iodine iter litre. 

DisMtKe alxnit IS <;m. of [)ure pota'^Nitiiu iodide in nboiit liO-OO e.c. of 
Wider in .-j ^tojipi'DMl htri' h.-i^k ;ind >)mk(‘ into it, tliroiijiih ;i dry fnntn'l, 
12*7 giD., or a little more, of pun* re-siihlimed io<line. Jiimm I the stojiper 
into the tlu'^k iind shake in the cold till the lodino is eoniplelely <hsM)lved. 
Then make up to the mark with walt'r. 

'i'he ioiline .'•olntion is h<‘sl pre'-maa'd in snnill stop|)ere(l hotl les which 
shonhl he coinplelely tilhal. and kept in a. cool and dark place. It 
should he Used with a. tap hun'tle. as it makes laihlKU' tuhin^ hard and 
usele'-s. 

loilino solution is ^amenUIy st:indai‘di/e(l hv a solution of sodium 
/.hiosulphate oi'of ar'-cuiioii-'oxide, the slrenj^thof whieh has heim a,c- 
eiiratetv delerjiniied hy pun' iodine. 

Uariiim thiosniphate (]laS_,(>;, Jl/)) is also vi'ry iisiOul lor this pur¬ 
pose.- 2t»7'oOG^ni. of tin* ervslallizcd salt hciii^ e(pii\a.Icnt to l2G'l)2”m. 
of iodine, ()•.'> ^mi. (d tin' foniH'r is c(|ui\ah'ni to D 2272 cm. of the latter. 
Weich out 0'5 cni of the thiosulphate' into a Ix'aker, a<hl water aiul run 
in the iodine solution eautiouslv, with eojitinuoiis sfirnn”, till onlv a 
few small ery^tals n'liviin undisv(,l\ed. Tlu'ii add starch lii|Uor a,ml 
continue till* addition ol i<)din(.' ''oluiioii till a |ierman<'ul hliie colour 
is obtaiiH'd. It of (*\act!y curi'crt slrcn^lli 18-7 (tli('i>refjcailv IH'GO) c.c. 
of the iodiiK' solutimi should he iequii-ed 

2Ua.SX),, I 1., Ualj i BaS,0„ 

iodine y - ) 0'2r»2:itl SO., 

^2;);t-S4 / 

loc o-2.')2;k; 14()2o:i. 

Pure learium Iliiosulphate is easily jeepare'd hy mixinc locidhera 
warm sohitiou of .*»() ctii. of sodium tliiosuli'ha1<‘ in 200 o.v. of wader, aiul 
40 gm. of hnriiim ehlondi' in a like vohinie of warm water ; after stirrinc 
well, the salt soon xiparati"- in fiiiejaiwelcry crystals. These an- i'olleeh*d 
in a funiu'l |>luc^a‘i| with c|a,ss. or eottoii-wool, ?-ep(‘aledlv waished with 
cohl water till all <-hioriiie is reiiioced, then drn'd at lielow' 20" 0. on a 
j^iass or p()rci*l;uu i>lute until all extr.uieous inoisiure is remove.d ; or the 
crystals may he* treated, after thorouch pashmc with alcoliul and <*thor, 
asdex-rihed helow tor sodium thiosulphate. 

2. Decinormai Sodium Thiosulphate. 

24‘K20 ^iii. per litre. 

.\a,,S.2»,„ oH.O - 24H-2tl. 

Jt is tint dillicLilt either to nianiifaeture or procure |)iire sodium thio¬ 
sulphate, hut there may Ijc uneertaiidy as to extraneous vadur held 

I Sn-,/ ,S / , dir-. 34. ]()22 

-I’ll Iti pt nil ;i|jc| C li Ml 1 (• y. Sri- .1 , IS'lf), 20, Ill. 
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witliii) tlR! (•rvsi!i.l>. In order in this M(‘iuek('’ recoinniends 

the olher^visf pnri' i-rystals he, |»rok(‘n to coarse powilet, washed 
lirsL with I'tiie alcnhol, then with etl)(‘r, and tasilv dried m a cuinait of 
(Irvairal ordinary l(•lllperature. 'Tin' salt sn i)iepar*'d niav In* weighed 
ilirectlv, dis-'olved in a litre of distilled water, and tlu'u titrati'd with ilie 
iodine solntioii an<l starch. It is ad\ isable to jin'serve tin* solution in tin* 
<lark. Afteradinie all solutions of lhiosiil])liaji‘ und(‘r^;o a. sli^dit aiiionni 
of oxidation, a.nd siilpliurih'posits upon ttie. l*olile; it is llierefdre always 
ad\isahIeto dcteiniiiH* its stri'ii^it h ]irc\ lous to iisc. This may lie done 
(i) a.^Minsi iodine in a soliilion jirin lously s1anda-r<lized a.^aiiist standani 
alkali arseniU', (ii) against a weiohi-d ainoiijit o1 spt'cially jn'^pared 
iodine, li-o ^on of \\iii<di ri‘(|iiires :V.n40 c.v. of a st.rietU solution of 
tin* lliio^nipliati.*. (id) against iodine set Iri'c from an iodide hy potassium 
dll hroniale s(]liil ion ot a certain stren;it h. 

The strcn<j:lti of the tliiosul|)liate snliitioii is al\\a\s rec<)ided as] e.i*. 

- .1 ^m. iodine. , 

'the solution pri'si'ine-. its si )-en<il h hot ter it an addition of 2 ^oii, of 
jiohissinm Inearlionati* to t in* lit n* is made and t he suhil mn kept in the 
(laik 


3. Starch Indicator. 

One jiart of t lean potato starch, or arrowroot, is hiNt mixed witli cold 
water into a. siiionih cimilsion, tlicn i^radiiallv jionrcd into aliont l.'iO or 
'ihOliiiie^ its weight of hoiliii” wati'r, tin* hoiling continued lor a lew 
minutes, I hen allow cd to st.uiid and settle 1horon;.:hlv. Tin* cleai'solu¬ 
tion only IS to lie UM'd as tlic iiidn-atof. o| which a tew diop- only are 
iK'ecssa|•\. 'tin* solution imlv he pri'seixed for sonn* lime hv adding to 
it a few dropv of <diloroform, and shiiking wi'll in a slopperi'd holtle, hut 
it Is iircleialilc to use a fresh solution in all <-as('s 

A starch indu-alor wliieli ki’e])> indefiiiilelv max he prepaivl hy 
making nsi* of the well-known fact Ihal slarch is soluhle m a<liiiile solu¬ 
tion ot salicvlie aenl. Dissolve 1 gm. of salnyvln- acid iii M)0 c.c. of water, 
l)oil, pour mfo it I gm. ol potado standi mixed witii a. little water, hoil 
gently till tliestaixdi has div^ohed, let cool somi'what, 1 lieu <lilule with 
cold water l<t a iitie. 

L i n I n e r ’ s soluhle stareii acts well a.s an indicator, ns it, gix esat on,ee 
a (dear s(»lution in hoilmg water, 'tin* <-olour whndi is piodnei'd with 
the lorni ot standi is not <|iii1(* so pun* a. him* as tlial gixen hv a. freshly 
made solution ol ordinary standi* owing to tin* presence ol some <t(‘\trin 
miavoidahly pi-oiliieial in llie prepa.ration, hut it is no hmdi-ain-e to the 
'Mid-[)oint in practice. In imimielrie aiialxses it is always a<l\isal>le in 
titrating Ihe free iodine with thiosulphate or arsenions solution to delay 
adding tin* standi until the iodiinm'ohnir is iieariv lennwed ; a mueh 
more delicate (‘inling may hi* obtained ami with \erv iiltie siandi 

Influence of Iodides in lodimetry. It has been lonnd that the di'li- 
e.'iey of ^li,. indications in iodinietrv turns iijion lh<* eoiieeiitralion of the 
iodide a,inTthai the amount of lodim* ni'i-essary to give I lie blue colour 


’ / , 18 , od. 
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with stureJi in proseuon of a suitahlo amount of potassium iotiido in- 
croasos with tiu* dilution. Experi(‘ncc shows that wliilo tiio pri'S(MK-B of 
0*3 gm. of pobissinm ioiiidc m volimicsnot oxfB(‘ding300 c.o. i> siiffioicnt 
togiv<‘ tho maxiiiinin sharpness of readings th(‘ ijs(‘of larger amounts 
of the i()did(“, within rcasonahle limits, is not liannful. Aecurate re¬ 
sults can he obtained at ordinary temperatures. 

Methylene Blue Indicator. —S m uat fc' points out that uiothyleuo hlue 
forms a convoment indi/ator in iodimetric titrations lu lion of starch. In diliito 
solutions, when a solution of mctliyleno blue is added to a solution of khIimo in 
jKitassyjm iodide, the formation of an iodo-coiiipoiind of the colon ring matter is 
accompanied hy a colour change from blue to yrllowish-groon, and linall) to a 
clear yellowish-brown colour, On the completion of the iodme titralnm the blue 
colour recurs. With most reducing agents mothylenc blue i.s not rctluecd, but 
titanous chloride dceoloiinzes it. 1 c c. of a 0-005 pt'V cent solution of tlie indi¬ 
cator to 50 c.c. of liquid gives a convoment depth of colgur hir titrations. 


USE OF STANDARD POTASSIUM lODATE IN lODIMETRY. 

Iodine, fri'B or ovoivod in roactinn, may somoimirs ho cornciiicntiy 
detorminod hy convorsion to iodino chiorido fonnod in the roaclion of 
this iodine with surticiontly coiioontratod hydrochloric acid and a suit- 
ahlo oxidizer, potassium lodate in stamlard solution heiiig Itie one best 
adapteil to the purjiuse. The strength of an lodale solulum may hi' 
fixed l)y determining the amount of iodine which is set free when a 
given amount of the lodate is aeted upon in slightly aeidiiied xoluLion 
by an exeess of potassium iodide, thus, 

KJO, + 5IvI 1- (JIK’I - llKCI I- 3H,,0 f 31., 
whence K'lO,; (11. 

A n d re w s- has shown, however,that the iodine s^i free m the reaction 
between a standard solution ot iodat*’ and an iodide m.-i.y ho eoiiverteil 
to iodine monoeliloride by liirflier ai-tion of I,lie lodate m lue.M'nee of 
suRiciently i-oneentrafed hydroehlorie acid, and the amount of iodine 
aeted upon may he found from llie amount of lodali* reipiired lo com¬ 
plete this reaction, thus 

KIO, 2KX 1- GHU! -- 3ICCI p 1(3 t- 3H3>. 

The end point of the reaction is shown by the di'iappcarance of the 
iodine colour from chloroform or <-arhon tetrachloride (5 c.c.) sliaKeii 
up with the Solution. This process has the advantage that the reagent 
which sets free the iodine determines it also, and that the presmiee of 
chlorides or Inomiili's doi's not interfere with the a<-eura<:y of the deter¬ 
mination. 

Ex. J)eterminalion of the strengtli of an approximately ^/lo solution 
of potassium iodide. 

Kun from a Imrette 20 e.*-. of tlie iodide solution into a 2r>0 e.i*. glass 
hottle provided with a gla-^s stojqier. Add 5 <;.(•. of eliloroform apd 30c.e. 
of cone, hydroehlorii* acid. Into the mixture measure froni a hurette 


j 1910. 35, 309 
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portions of the standanJ iodatesolution, inscsrtingthe stopper 
and shakiu'ttye oontiMits of tlie hottle vif^oruuslv hotwecn tho a<lditions 
of the indiite. until the vioi(‘t colour of iodine in the ehloroforni just 
d 5 s;i))p(‘Hi'''. Kesult^are calculati'd from tlie relation KI(),--2Klj as 
j^oven in th(* ^Mpiation above. 

Tilt .sfiiuditrd wiatio'ii- of 'jjolastitain /Wtdt'used is made by <lissolving 
10-7 giM. (very nearly mol.) in watei’ and diluting to ] litre. It is 
staii<lai’<li/ed as indicated above. 

Determination of Bromine. -Bromiiu! reacts with anexeessof jiotas- 
siuin iodide according to th«i following (Mjiialion ; - 

Br,+ 21<i liKBr + I, 

Hcnc(! 7!>-9li Br -- 120-1(2 1, and I x O-(;207 Br. 

When broiniiu' in jupieous solution (best faintiv acidulated with 
livdrochloric acid) is ailded !(► jiotassium iodide solution the iodine set 
free nieasiiri's the bromine. I'o avoi^l loss by volatilization in tliejiroeess 
lli(‘ hroiniiu' solidioii shouhl l>e didivere<i from a pi[)et,t(‘, the tip ol* 
winch IS held close to the surfaci' of th(‘ nxlide solution contained in a 
llask or hoUle ])i()vided with a glass stoppin-. On inserting tin'stoppm- 
and shaking tin' Imttlc the reaeti<in is coinph'b'd imimMlialel\ and the 
free i.Hlim'is til raled eitlnn- with standard thiosulphate or with siaiidard 
a.rscinte—in the latlei- <-ase after tlie a<ldition ol :i.n (‘.xcess td alkali car- 
h.inale. 

r louud \ O-02'.(7 -- Br. 

Determination of Bromates. Bromic and liyiinodn- acids, formed 
m the interaction of potassium hromale, ))ot,assimu iodide, and sul[)hurie 
acid, react togidher according to the e<juation 

bHI I lIBrO, - JIBr + 111, h- ;1H,,0. 

Tune of act Kin, proportion of iodiile to Inornate, (‘xcess of jn-id and the 
i-oiiccntratioiis art* all, within limits, deterinimng factors, Imt if free 
acnl !ind a considenibte excess of potassium mdidenn* present tlie re¬ 
action proccM'ds to completion within a roasonahle time. Accurate re¬ 
sults m;i\ !»', olitaiiH'd as follows . To a solution imeisuring about 100 c.c. 
and containing an amount of potassium bromalc not exceeding 0-14 gm. 
and about 2 gm. of iodide (i.ix nearly four times Die amount theorotically 
required), 2 2 e.e. of sulphurie acid (1 .1) or an equivalent amount of 
liydrochloric acid is aihleil and tlu' mixture, in a sbqipered glass vessel, 
allowed to stand for lialf an liour. At the cud of tliis tinu' the reirction 
will liavi' been eomph'ted and t|je liberated iodine is at once (h'lm-mined. 

OT ^ KBrO,, and 1 x 0-210;i2 - KBrO,. 

Determination of lodates.— When potassium iodide in excess and 
dilute Iiydnrcldoric or sulphurie acid are added to the solution of an 
io(lat(‘, iodine is immediately set free according to the equation 
MIO, + OKI - 1 - bIKlI - OKCl H MCI 4- a ol,,. 
Iheiodmeset free may be titrated at once with standard thiiisulphato, 
m- it iidiybe absorbed j)y an excess of standard arsonito, this (‘xeess being 
deterinuieil by titration witli stanilard iodine. 

HI - MIC,, ami I x 0-28104 - KIO,. 
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Determination of Chromates ami Dichromates.- Chromic acid is 
immediately redueo<l by p'dH^-^ium iotli<le in presence o'* liydroehloric 
acid to the y^reeii chromic <-hIorid(' with separation of an amount of 
iodine C(|mvalent L) the oxy<(en lost I'V tlie eliromic aei<l. The n^aetions 
are as follow^ •— 

2K,,Cr(), 4 OKI -h lOKCI f 2(^rCI,, + HlU) -i :tl, 

K'.Ord); 1 OKI UllCt - 8KC! + 2CrCli h- 711-/) + dl.j 
'U' K-jCrOj ;t!, and f x O-olOd - 
K^'r.X). . (U, and I a - K'dlrd)-. 

After tlilutin-; the solntioii sntlii'ienlIv to prevent tlic SD*en <‘oiour 
from ma''kin '4 tin' dNappeaiance of the starch l>lue in tin' end rea<’tion, 
standard thiosulphate run in until the yellow is mostly removed, 
wljeii starch IS added and tin* addition of tlnosulphatc continued until 
the colour of tln^ sulutioii clia-ui^es from him* to p-ei'U. 

Determination of Lead Dioxide — fn jireM'in-e of 5 per cent, acetic 
acid, S'.'dium acefat<‘, a-inl pota-ssinm iodide', lead elioxide, liin'lv {ground 
{if dr\) or ui IiyeiraL'tl form, is d(‘eom[) 0 sed nec<»relm^^ to th<' oijiiatioii 

[d)0, -i- 4]fJ - Phi, h 2HJ) i- i,. 

If a ta.rj,n! ese-f'-'of I In'a<-('tate is prest'Ul with not too much potas- 
sium lodidi'the lead io(li<lcwjll not precipitate, and upon fiirlln'relilution 
the dissolved mdine ma.y he titrate'd with stainlard thiosulphate. 

Suitahit' proportions are a.hoiit ()•.'» f^on. of h'ad dioxide, l'2^m. ol 
potas-inui iodide', ID gin. of sodium acetate', ainl b c.c. of aee*tie- acid 
(5 per cent.). If lc';nl ioelnle' is pre'cipitaleei it stnmld he' disseilve'd ley 
more sodium ae-e-tate with a little wateT. .Vfte'r dilution to about 25 e*.e. 
the clear .sol lit ion of ietdine is I it rat cel with Ihiosiilpliatc. 

ANALYSIS OF SUBSTANCES BY DISTILLATION WITH HYDRO¬ 
CHLORIC ACID INTO ALKALI IODIDE. 

Tukki: is agre’at varict\ of ^uhstance'se-oiitainiugeixygcn, whii-h when 
boile'd with hyelreee-lileu'ie' aeld yiclel chlorine, e''(uivale‘iit to tin* whe)le or 
a part emh etf the e)xyge‘n they contain .iceoniiug to eare-iimslanees. 'i.’he 
chlorine so e'volveel, liowe've'r, is not itself eletcrmiui'el, hut is conveyved 
by means e)f a smtahio af'paratus info a seiiiitneii ot iiedassium ieednli', 
thcre'bv lita'raring an e-tjuivale-nt ejuantity of iodiin'. Tiii^ latter benly is 
tlien (Icteu-mine'd by lltmsulphale'; the (piantity se) fomni is, tln^re'feire, a 
measure of llte eiwgen e'xisting in t}n*''ongina! substanee', ami conse¬ 
quently a nieaisiire'e)f the siibstanee' itself. Analyses of this class may 
1)0 made the mosr e-xae-t in tin' wholes range' of volnnn'lrie* analysis, far 
out-stiJpping any gravinn'trn- proeesv. 

The afiparatus use'd for ehstilling tin' snbstane*es, ami e-emveying the 
liherate'el chlorine into tln^ alkali ioeiidc, may posse-ss a variety of forms, 
the nn)st .scrvict'ahle, heewe-veT, be'ing the kirnls eieviseet respoe-tivedy hy 
Bunsen, Fresenins. Meilir, ainl others, among wliie-li eineMtf tiie 
be'st is be) coiistructe'd as te) avoiel tin* use' e)f corksor itnlia-rubber, whicli 
are seion elestrovcel hy the e'tnrejsive actiejn of i(nliIn^ and a^-iel (see 
tig. 40). 
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Bunsen’s consists of an inverted retort, into the 

noek of wincliftlie tul><‘ from the small distillin*; Hask is passed. 

Owiii^^ to tlie ^M’cat soluhility of IK/I in tli(5 form of pis, the apparatus 
must I'c isnistnufLed that whe.n ail dilorine lilxiraliMi and HCl 
lM'<rins lo distil thidi'iuid may not rii-^h back into the Bask owino to 

ci)nd(Misalion. 

The best preventive, of this re^mr^itation is, liowevcr, on(3 su;:p^sted 
hv Frcseniiis, aiul ajiplieabhi to each kind of appai'idus ; namely, 
tlic addition of a few j)iec<‘s of pure magnesite. This substance dissolves 
but slowlv in till' hvilrochloric acid, and so k(‘eps up a constant evolution 
of (d),, ttic pressure of ivhich is sutheieut lo jirovamt tln^ return*ol the 
lipiml. 



l-’m. 


The apparatus contrived by Fresenius is shown in lip a;id 
•- c\coc<linc[v useful as an ah>*>rptiou apparatus for ^eiu'ral )mrpos(‘s. 

Mohr s ap))aratus is showy in tip hO, a.ml is. on account of its 
simplicity (tf construction, very ('asy to us(>. 

The (li^iillinj^ t];i,^k is of about 2 o/,. capacity, ami is litled with acork 
so:ike<| to saturation in melted paratlin ; throujih the cork the ihdivi'ry 
1 ube coiilainmjf one bulb passes, and is apiin passed tbronoli a common 
oork, fitb'd loosely in a stout tube, about 12 or Hi inehes Ion;: and 1 ineli 
wide, dnsisl at one imd like a, test tiilx'. This lube, conlaminji the 
alkali iodide, is placinl in an hy<)ronieU‘r{;lass, about 12 incln's hi^li, and 
■‘■nriouiided liy cold water; the delivery tiih(‘, is drawn out to a line 
point, amt reacdies nearly to tlu' bottom of Llie eondimser. No support 
‘•r clam[) is necessary, as the hydromider glass keejis evm'ythiiig in posi¬ 
tion. The substance to bo distilled is put into the flask, amt covered 



142 DlHTILijATION WITH HYDllOCHLOKIC ACID INTO ALKATA lODIDK. 


witli sfci'ong hydi'oolilorlcacid, tfio Diaj;»(‘sitc addend, the condenser stip- 
plied with a sufficient cinantJty of iodi<le solution, and tin apparatus put 
together ti<rhtly. Hither an areaiid or coninion spirit iainp, or gas, may 
he used for heating the flask, hut tlie flame must be managoahh', so tliat 
the boiling can ho regulated at wilt. In the ease of the common spirit 
lamp it may l)e held in the hand, and appli(;d or withdrawn according 
to tlic necc^sitie^ of (In^ ease; tiie argand spirit or gas lamp ean, of 
course, be regiilah'd hy the usua,l arrangements for the purpoMi. If the 
iodine lilMwatcd hy llie chlorincu'volved should be more tliaii will nunain 



Fio. 30. 


in solution, the eork of tli<i eond<'nslng tube must l>e lifted, and more 
solution ad<lcd. When the op(‘ration is judged to he at an end, tlie aj) 
paratus is diseonneet<‘<l, un<l the <leliv(!ry tulie washed out into th<^ 
iodide solution, whieli is then (;m{»tied into a beaker or flask and pre¬ 
served for titratinii, a little fresh iodide solution is [int into tin; eon- 
d<“nser, the apfuiratus again put together, and a second distillation coin- 
meni'cd, an<l eontiinied for a rninub^ or so, to eolhict every trace ot free 
chlorine present. This second (jperation is only iiec’cssary as a safeguard 
in case the first should not have been complete. 

The solutions are fhen mixed tog(‘th(U- and titrated in the manner 
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previously iIosctIIkmI. in all cases the solution must he cooled before 
uddiiifi the thi^Kulphate. 

of the large test tube, some operators use a U tube to eon- 
1,am tilt' iit<li<ie, having a bulb in each limb, but the lattor is 

not iieeessai V if magnesite is used. 

The Milutjon of jiotassium iodide may conveniently be made of 
siidi ;i strength that C(j. or 32 2 gm. are contained in tlie litre. 1 e.c. 
will llteii be suilieieiit to absorb the (luantity of free iodine re[)resenting 
1 |)er eent. of oxygen in the substance analyseil, sujiposing ii to bc 
wtuglied in the metric -system, fn examining peroxide of manganese, 
for iii^tanoe, 0-4;U(i gin. would lie used, and sui>posing the percentage of 
p(‘ro\i<l(‘ to h(' alnmt sixty, 00 <',<x of iodid)‘ solution would lie sufficient 
to ab'-'irlt llie (-hlorim! and keep m solution tlm iodine lilxuated liy the 
profcss ; it IS advisable, liowevor, to have an excess of iodide, and, 
therefore, III tills case, aliont 70 e.«-. should he used. A solution of in- 
deliiiiiestrength will answer as \vell;'so long as enongli is usial to alisorlT. 
all I he iodine. It may sonietiiiK's ha,|ipen 
Iha1 not (Miougli iodide is presmit lo kei'pall 
tin* liberated iodine in solution, in whicli ease 
it will sepaia,te out in the solid form; more 
loilidn, liowevc'r, mav be added to dissolve 
tin* lodnn*, and the titration (’an then la* 
nade as usual. 

'I'ho )Udre>.s of distillation above deserilied 
may be avnded in iininv cases. There is a 
great number of >ul>starn*(*s whieli, by mere 
digestion with hv Iroelilorn* aeid and [iotas- 
Slum iodide at an *’levated ti'inperature, 
uinleigo decomposition iiuitc as com))letoly 
as by distillation. For this purpose a strong 
l>ottlc with a\ery a.rcurately ground stop[ier is ueecssary ; and as the 
ordina,ry stoppered liottles of eomnu'ree are not sufficiently tight, it is 
belter t,o regrind the stopper witli a little rerij fine emery and water. 
It must tinm be tested liy tying tlie stopper tightly down ainl immers¬ 
ing in hot, wat(*r; if any bulihles of air find their way througli the 
stop]te,r the Ixittle is useless. The capacity may vary from 3D to 17)0 c.c., 
aceoniing to tiho necessities of the ease. , 

Tin’ stoppiH’ mav he secured by liiu* co)>per landing-wire, ora kind of 
elanip .■onf riv<*tI i)y Mo In* mavj)e used, as shown in fig. 37; by means 
of tin' tlmmh-s(’r(*ws tlie pressure, upon the stoiiper may be increased to 
almost, ;| liy cxi.cilt,. 

'IIn* sub^iaiiee to be (‘xamined, if in powder, is [mt into tlie bottle 
'■vtth [Hire Hint [tebbles or small garnets, so as to divide it better, and a 
siiffioi(‘nt (jiiantity of saho-dted solution of potassium ioili<ie and pure 
liydroililoric a(’id addl'd; the stop()er is then inserted, fastened down, 
and the liottle suspmnled in a water hath, and the water is gradually 
h(|ated t«i l^oiliiig l)y a gas flame or hot ))hite as may l>e most (’onvenient. 
Wlien the decomposition is complete the botth* is removixl, allowed to 
cool Nnniewhat, then plaeed in cold water, and after being shaken, 
crnptn*(| mto a ix'aker, and the liijuid diluted by tlie washings for titra¬ 
tion. 
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AUSMNmUS ACID AND lODINK 


Tlie salts of rliloric, iodic, hromit*, and cliromif; acids, iogetiicr with 
many otlioi- compoiunls, may ho as oltortnally d(‘coin|Kis/'<l hy <li^"estion 
as l)y distilhition, many i)t‘ (Innn ovtm at ordinary fom[)<‘rattiros. lio- 
cenfly pn'ripilaiod oxide-;, orlln' nainral oxidt's rodin'oil to fine 

po\vd(‘r, art' roadilv <lissol\(‘d and d(‘eomposod Ity very wtaik acid in the 

pn'M'iKM* ol poia-'Snim iodide (P i <• K e r i ri <^). 

'I’lio potah^iuin iodidt' n-od in tlio \arionsanalyses imi.-t be absolutely 
fr<‘o from iodatt* and fr('o jodiiM', (H’, il otIier\vis<\ the olloot of tito im- 
jMM'iry must bi‘ a>«<'orIain(‘d bv a blank (‘xperimont. 

ARSENIOUS ACID AND IODINE. 

Tin-; piMiiMple upon uhieli this mothod of analysis is based is ilie fact 
that wlien arseniotis arid is bioi^^ht mto contact witii iodiiit' in lh <3 
* [)ros(‘nco of water and free aikah, it is eonvtuittd into atsonic acid, the 
reaction boinc- - 

A-.O; I- Itl, 1 L*Iv,(> Asd), i- 4k'I. 

Tin' alkali must be m >nl!i<-ieiit «)c.a.iitity to conilune witli the hvdrioiiio 
acid set free, and it is iie<-e'>sa.rv that it should exist m liie stati* of bi- 
(‘arl)(Uiate, aseaustie or monoear bona fed alkalis inl.ertVre with the eolonr 
of llie blue iodid(' of stareii ii-eii as indicator. 

I f, therefore, a, srdntl'in of a-r-cn ions acid containing; sta,rcli is rurale<l 
with a soliitinii ol nxline in the prescnci* of a.n alkali bica.rboiia,fe, the 
blue eoloiit doe- riot appear until all the arseiiioiis aei<l is oxidi/ed into 
ais<’nic aeid. In !ik(' manner, a. standa.rd solution of ar-i'iiioiis a<-id 
may be ii>.ei| fur the determinalmn ol iotline or otlier bodnss wliieli pos- 
s(*ss tin* po\\t‘i‘ ol oxidi/iny- il. 

'J’he ehiet \aine. !io\\e\ei, of this method is found in the deiermina- 
tion of fri'c ehlorine exi-tin;; in the so-ca,tIed “chloride of lime,” chlorine 
wali'r, hvpo<ddori1es i)f lime, -oda., (‘Ic.. in soinfioii ; ;;eiiera,lly included 
uinbu- tin' term Clilonmefiw. 

Preparation of the %o Solution of Alkali Arsenlte. 

■MI4H ;;m Asd); per litre 

I e.e. (f-OtKMt !;m. i'[ 

Ic.'. OdULW^fn. I. 

The iodine solnti.m used i.-, the same a,s that descnb.'d on p. lo(J. 

The eorre-poiidin;; soluti.ui of alkali arsenite is conveniently pre- 
j)ared by dissolving 4 t4Seni. .if the purest sublimed ais.'iiious oxide, 
nalueod to powder, m a eon.'eiilrated solution of4 ;;m. of caustic potash 
or soda and rnakin;; np to a, lit re by the a. Id it ion of 100 e.e. of a. saturated 
solution of potassium orso<lium bicarbuiiaf.! and the r(ajnire.l volmno 
of water. The arsenie ;;'ies miieb more rea<lily into solulio/i with this 
small aniunnt of liy.lroxi.l.^ tulu.di does not all.^ct tin; titration with 


' Prnpctly Ay.)^ mol. wl. 
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ioilinfi) Hian with bicarhonatc alone. If the mivtiire nmal wanning, 
it ^hoiihi not heiitoh ahove (iir (I. 

Tn (inlei-to to'-t this solution, 20 I'.c. ;iro put into a hoakiT with a 
little starch iinhcattir, and the iodine solution run in froin a hurette 
until the blue I'oloui' appears. If e\;i,e,tly 20 e.e. ari‘ re<iuirisl, the solu¬ 
tion issirielly deeiuormal ; O' otherwise, the neei'ssary factor must be 
found for eonvi'rting it to that strenoth. 'I'he value of thesolulion is 
best I'spressed lu tonus of its iodine ei|uivalent, which, if of e\aet 
strength, IS 

1 c.e, - 0'0120fl2 gill. iodiiK'. , 

A carelullv prepared standard arsenite solution retains its strength 
practicallv indelinitelv. 

Iodized Starch-paper. This is used as an external indn-ator in the 
di'teriiiination of Iri'e chloniie. It is made as follows : — 

I gin. ol starch is boiled with mo c.e. of water, the solution liltered 
and (Id gin. of Kl added to the filtrate. Filler paper is Ibeii soaked in* 
this solution and dried ou a porcelain or similar plate at ■l()•'-.■lD'‘. For 
the spotliiigtest the paper should be moistened, as the re.actioii is iiiiieh 
cleaiieraiid more delicate wIth moist than with dr\ paper. Three or 
lour pieces of the paper are spread on a glass plate’ and any eseess of 
waler alloued to (low oil ; t.liev are llp'ii ready lor spotting. 


10 
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ANALYSIS IIY PKKdiriTATJON. 

Ti.k ^ononit j)rincip]<* of lliis inothod of ilctoriiiinin}'tlu; <}uaniily 
of any jjiviMi substanci* is jilhided to on p. and in all instances the pro- 
codnro is such that tli<‘ bodv to be dob'nninod forms an iiisolublo pre¬ 
cipitate with a titrated nai^ent. The <!n<i of tin* reaction is, liowever, 
<letermined in one of three ways — 

1. By ad<lin^" thi* n’a<;ent until no further pnadpitale is produced, as 
in tlio determination of <dilorine by .silver. 

2. Bv adiiinj; the reagent in the presence of an indicator contained 
either in the lifjuid itself, or brought externally into eontaet with it, so 
tluU the slightest excess (tf the reagent shall prodm-e a cliaracieristie 
reaetiou with the imlieator; in the detenuination of silvm-witli sodium 
chloride hy llic aid of polas^ium cliromate, or with thiocyanate and 
ferric sulphate, or that of phosplnnae acid with uranium hy tlie aid of 
potassium ferrocyanide as indicator. 

tb By a<l(ling the reagent to a clear solution unti,l a pn'cipitate is 
formed, as in tin* determination of cyanogen hy silver. 

The first of these melho(K can only he applied witli great aceiiracy to 
silver and clilonne (hderniinatioiis. Very fmv precipitates have tlie 
peculiar ipiality of ohlonde of silver, namelv, almost perfect insolubility, 
and t)i(‘ t'mdeney to eiinlle readtiy Iw shaking, so as to li‘av(‘ the men¬ 
struum clear. Some of the most insoluble precipitates, such as barium 
siilpliate and ealoium oxalate, are unfortunately exelmled from this 
clas-^i, because their finel\ <liviiled nature prevents tlieir r(*ady ami 
perfect suhsideriee. 

In all those eases, therefore, it is necessa,ry to lind an imlieator, 
wliieli brings them into ela,>s 2. 

Tlie third class cum prises only two proei*sses ; viz., IIk^ determination 
ot ej'anogen hy silver, and that of chlorine by niereurie iiifrabx 

Since tlm determination of chlorine hy precipitation witli silver, 
and that of siher hy tliioeyanii* aei<k can lx* used in many eases for 
the iiulirmd determination of many otlier substances with great exact¬ 
ness, the preparation of tlie, nec(‘ssary standanl solutions will now ho 
desori bed. 


DETERMINATION OF CHLORINE. 

I. Decinormal Solution of Silver Nitrate. 

gni. AgN(),| per litre. 

10 788 gm. of ()ure silvm' are dissulved in pun* dilute nitrie acid with 
gentle heat in a flask, into the ma-k of whieli a small funnel is dropped 
140 
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to provcnt loss of liquid l>y spurtinjf. When solution is complotn, the 
funnel tnnsi washed inside and out with distilleil water into the 
flask, and the li<jiii<l dilutetl to a fitr<'; hut if it ho ilesired to use chro- 
inatc as mdieator in*any analysis, thfj solution must he inuitral. In 
the latter case thc^ solutimi of silver in nitrie a<‘id is evaporated to dry¬ 
ness, and the residin' dissolved in a ]iti(3; or, preferahly, Ite081) j,Mn. of 
’jniie crvslalli/.ed silviu' nitrate, previously heatial to 120" C. for t(‘n 
miiuites are dissolved in a litre of distilhid water, Fus(‘d nitrated of 
silver is, howt'ver, Ix'st of all for this purpose. 17*1 jrin. of the fused 
salt an'djssoh'eil in a litre of distillcil wati'r, so as to inaki'a solution 
rather stron<;er than is recjuireil. A buroth' is tlien filled with the*solu- 
tloii ;ind it is titialed with 2rK-.e. of decinonnal sodium chloride solution 
ill a white porcelain dish, iisinjr jioiassium ehroiiiate as iiidieator. It 
is tin'll diluted with water to <3\aet slreii^^th, and finally tested as 
hefoiv. 

• 

2 . Dccinormal Solution of Sodium Chloride. 

rrStli }>m. NiiCI per litri'. 

o-Ktli p'jii. (if [luiv sodium cliloi-ido an' dissoKa'd in distilled water, 
and Hie soliilioii made up to a litre. 

1 (.■.(•. O-Od.^MC em. NaCI, 
or (l■l)(l3r)4(i };m. Cl. 

I liere are two metiiods hv whieh the end of tlio reaetion maybe 
determilU'd 

(o) By addinosi.v'ei-solution eanliously, and wetl sitakino after eaeli 
addition till no fiirtlier preri|iitate is prodiieed. For details see under 
Silver i'4). 

J>) By nsiiio a h'w drops of solution of pure jiofassinm .'hromati' as 
indicator, a,s devisi'd liy.VTolir. If the pure salt is not at liand, some 
ilrops of siher nitrate solution slniuld he added to the solution of the 
ordinaiy salt, to remove elilorine, ami the elear liiiui'l iisi'il. 

The method l> is I'Nceeiliiif'ly servieeahle, on the score of saving botli 
time and tronhle The solntiims must he neutral, and cold. When, 
therefore, aeul is present in any solution to he examined, it slionid be 
neutralized with pure sodium or ealeium earbonate, or the latter maY 
he added m very slight excess.' I.iqnids laintaining imieli organic 
midterm Hdiition or suspension *iiay he made sliglitly alkadiiie by the 
additmn of lime-water (frei' from chlorides), evaporated to ilryness in a 
plalimim dish, and the residue gently ignited. The latter is then treated 
witli hot wiiter, tillered and washed, when a eolonrlcss solution is ob¬ 
tained which, after eonliiig, is snitaliln for titration. 

.Mutmoi, of I'ltooKlHJHK : To the neutral or faintly alkaline solution 
tw'o orlliree drops of a enhl saturated solution of elironiate are added, 

“ t'"' pruaunce of alkali .,r alk.diiie lairtliy nitrates, 
.specially at, a higli temperature ; aediura and calcium nitrates have the least elfeet • am- 
'nonui'ii iwtissmm, and masiiesium nitrates the greatest .See also K o r li e s C a r n e u t e r 
I''. 6,^ 
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DKTKKMINATION OF SILVKU IN ACID SOLUTION. 


Example : gm. pure sodium carbonate was dissolved ui water, and 

hydrochloric aidd added till m e.xccss; it was tlieti dried on the xt'atcr batli till no 
further vapours of acid were evolved, the resulting wliitc mass was heated for 
a few minutes to about LOO*’ C., dissolved and made up'to 800 i-<■. 100 <• c. re¬ 
quired J5’7 c.e, silver, this multiplied by 3 gave -IT'l e,(\ wlucli nmltipUcd 
by the factor for sodtiim (‘avboiiati! (- - 0'0053) gave 0'2-l0() gin. instead of 
0*2fi gm. 

Indirect Determination of Potassium and Sodium existin$ca$ Mixed 
Chlorides. —It is a jirobloni of frinjiient o<‘uurroni'(‘ to d(^t(‘niiino tho 
relattvo quaiilitios of pohissiuni an<i sodium oxistiog iii nuxlures of tlio 
two (.‘hloridos, siirli as occur, for instance, in urine, manures, soils, 
waters, etc. The actual separation of [lotash fnmi soda by means of 
platinum is tedious, and not always satisfactory. 

Tlie following method of calculation is l'rci|n(uUIy convenient, simm 
a careful deterniinarion of the chlorine present in the mixture is tho 
* only labour re<|uire<| ; and this eati mos[ nxidily he ae<-umplish(M{ hy 
^,10 silver solution and ehroinate, as inxivioiisly described. 

(1) Tho Weight of tlio mixed pure i-lilorides is accurately tound and noted. 

(2) The chlorides arc then dissolved in water, and very < aref(illy titiated with 
^/lo silver and chromate for the amount of clilonne present, wliieli is also recorded , 
the calculation is then as follows . - 

The weight of chlorine is multiplied by the factor 2d0'2(); from the product 
80 obtained is deducti'd tho weight of tho mixed chlorides found in (1). The re¬ 
mainder multiplied by 3 d3()5 will give the weiglit of so<hum chloride ])reseub in 
tlie mixture 

(log 2d0i(; _ 0*3227<); log 3-(>30b ^ 0-.%'J37). 

Ttio weight of sixliiim ehloridodeducted from ilie total as found m (1) will give 
the weight of potassium ehlorid«j. 

Sodium ohlondo x 0’5308 = Soda (Na^O). 

Potassium chloride x 0 0317 ^ Potash (K.d)). 

Tho principle of the calculation, which is based on the atomic constitution of tho 
individual chlorides, is explaineilin most of tlio standard works on general analysis. 
Indirect methods like this can only give useful results when tho atomic weights of 
the two substane<'s differ considerably, and when the prop)rtioiis present are ap¬ 
proximately equal. 

♦ Another molhod of calculalion in tlui case of mixed potassium and 
sodium chlorides is as follows: - 

The weight of tho mixture la first ascciiaimfd and noted ; the chlorine is then 
found by titration with ^/lo silver, and calculated to NaOl: the weight so obtained 
is deducted from the original weight of the mixture, and the remainder multiplied 
by 2*42857 will give the iK>tassium. 

DETERMINATION OF SILVER IN ACID SOLUTION 
(V 01 h a r d ’ s Method). 

This excellent and most accurate method has hceii devised by 
Volh a r (P and fully d(;scrihed by the author, and has been favourably 
noticed by many otlier well-known chemists. It differs from Mohr’s 

' Li'iii.;!'9 Ann, (/, i'hfiii., 190, 1. 
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cliromaUMHothod in that tin; silvei* solutions may contain f[-c(Miitnc 
acid, which rOliders it of^^rcat j?ervi(‘c in indirect analyses. 

This tnethed is based on the fact that when solutions of siKer and 
an alkali thioeyanate arc mi.yiMl in (Ini prcsiuu c of a ferric salt, so long 
as sihs'r is in cxco.s th(( thiocyanate of that metal is po'cipitaie.d, an<l 
any brown ferric thioevanate which inav form is at oncC <lecom|)OScd. 
When, lioweviT, the tliiocyanato is added in the slightest (‘xce.ss, brown 
ferric tliiocyanate is formed, and asserts its colour iwen in the presence 
of much free acid. The method mn.y, of coiirsi', h(‘u.scd for tluMleter- 
iniuation of silviuy and, hy the residual process, for the determination 
of siihstaiuM's which an^ comphitely precipitattal hy si!\er. In cases 
where chlorine is pria-ipitated liy excess of silver, and iln^ <‘xcess lias to 
he found hy thiocyanate, (“xp<‘riencc iias proved tlmt it is absolutely 
lU'ce-'saiT to (iKcrott the rhloride ;uid titrate llu; li[trat(‘and washings. 
II this In- not done I,ho Nolvcmt elliM-t of the thiocyanate upon Ihe AgCI 
will give iiiai-ciirate i'(“siilts. d'his ffirt ^cem-^ to have been oviwlooked • 
at the time llu! .. was first introdueed. 

It may l )0 us(‘<{ lor tlu^ determination of silver in the jiresenec of 
eop[)('r up to 70 [)er cent. : also in present! of antimony, ar-'imie. iron, 
zin<', manganese, lead, eailmium, bi'“mulli, and also eohalt ami nickel, 
unless the prop<irllou of lh(‘se lalter metals is such :i.s to interfere hy 
intensity of eulour. 

It may further Im‘ used for tlie: indirc'ct determination of chlorine, 
hromine, and iodim*, in preseme of ('aidi otlier, existing (utlier in 
minerals or inorganic comtioiinds, end lor<'opp(n*, manganese, and zinc ; 
these will he noticed umlei- their rcspeetive Itends. 

For the determination of clitorim* in water liy V o 1 h a rd ’ s imdhod 
see Water Amilvsis se<'tioii. 


I. Decinormal Ammonium or Potassium Thiocyanate. 

This solution cannot be [ireimred by weighing the thiocyanate 
direct, owing to the d<dii|uescent mi.tnreof tlie salts; tlierefon^ about 
!) gm. of the ammonium, or 10 gm. of the potassium, silt may be<lis- 
solved ill a litre of water as a h:i.sis for getting an exact solution, whicli 
must he linally n.<ljusted by a standard di^cinormal sitvi'r solution. 

The standard solution so prepared remains of tlie same 'Strength for 
.1 very long period if [ireserved trom evapoi-ation. 

9 

2. Decinormal Silver Solution. 

This is same as described in a preceding section (p. MO}, and 
may contaiu free nitric aeiii if made direct from imdailie silver, l>ut 
nitrons fund must be removed hy boiling, as the latter forms a red eoni* 
pound witli thiocyanic aeid liable^ to be mistaken for ferric thiocyanate. 

♦ 3. Ferric Indicator. 

Tliis may consist simply of a saturated solution of iron alum to 
which nitric aidd has been added ; or may be made by oxidizing ferrous 
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sulphate with nitn<‘ ai;hl, ovap'iratin^ with cxeoss of siilplnirio avid to 
dissipate uiti'ous fumes, and <iisbolvinj; tlu' rosiduo in Wini.er >0 that tlie 
strength is about 10 per e«‘Mt. 

o r.c. of (‘ither (if th.>e solutions are used for each titration, wtiicli 
must always take place at ordiii irv temperatures. 

4- Pure Nitric Acitl. 

This must ho fre(‘ from lowi'r oxides of nitroj;(‘n, securiMl hy 
dilnlrtiji I li*^ Usual pure acid with ;d)0ut one-foiirtii of its \olume of water, 
and iioilinii till |)crf(‘ctly colourless. JL should thou hi' pn'si'ived in the 
dark. 

Till' (luantil V of nitric acid UsimI in the titration may vary within wide 
limits, and seems to have no elfi'ct upon tlu' precision of the nu'tliod. 

' .MltiioI) Of rMiofiu'Ki: oOc.c.'uf “/lo sihor solution are mi'asured 
into a Mask, diiuti'd som<‘what with water, and o c.c. of h'lric indicator 
addl'd, |o^(>lher with about 10 c.c. of nitric a,cid. If the inm sidiiiioii 
should cause a yellow colour, the nitric acid will remoM' it. The thio 
eyanati' is then deliima'd in from a hun'Ife ; at first a white precipitate 
is produced r(‘iiderin‘i the lluid of a milky appi.'uraucc, ami as each drop 
of tliiocsanatc fails in, it produce's a reddish-hrown cloud which (puckly 
disa|)pcafs on shaktn^^ As the point of saturation ajiproacdn''-, the pre¬ 
cipitate bcconu's liocciilcnt and settles easily; linalh.a drop or two 
of I liiocvHiiati^ produces a faint brow n colour whicdi no huioi'r d isappears 
on sliaking. II llu'solutions are correctl\ balanced, exactly od c.c. of 
thiocyanati' should Im^ |•c(jUlr('d to produce this 

'Idle colour IS Im'si s('cii by vo holdin^ tlie llask as to catch the re¬ 
flected li^dit (d a while wall or a suspended slu'cl of wliilc jiapcr. 



PART V. 


« 

Al’rJjrATION OF THK FOUK(JOIN(i IMilXOIFLKS OF 
\NALYSIS TO SJ'FCIAL SUBSTAN(’KS. 

ALUMINIUM. 

\I - 

\i.i MiMi M ili(‘.-ilums ;in(l ahmuniuni siilphalc^ ummI in 

(Iv'iim fiml |i.i|'i‘r niakinu) may l»‘ I il rah^l I'or alumina in tin* ab^'inai nf 
non ((‘Kci'pl loi' mnrn traces) l^y mixing' tin* aei<i solutions willi a tol(‘r- 
aM(! <|uantily nl sixluim a,<-(‘ta,l(*, tlu'n a. known volunu* in of %(, 

|»hos|)ltato stilution (2() !> ^nn. of ammonio-sodimn phos^jhaie im'i- liiro), 
ami lH*atin^' lo laulinji, without (illralion; tin.* exro.s^ of phosj)lia.t(^ is 
foumi at om <• hv tiliation with stamlanl uranium. If iron in any 
puanlitv is pn'M'nl. it may ho dchoiminod in a soparatn porlion of tin* 
sid>slam <‘, ami its amount dodm-tod hoFon* cahaihitiii^^ tin* alumina. 
Tlio latfor is pi(M ,pita.t(’d as AIPO^, and iiny iron in liki* manner as 
Ft'l’O,. Kai-Iirc ot ”, phos|)li;tto - (HtOoKt ^ni. ALO-. Thisiiudhudis 
only availalth' for mu^h [nirposcs. 

B ae y e r’s Method. -As originally pn ►posed. I his process lor delor- 
inimng alumina, in alums ami aluminic sulphates was cat ru'd t>ut hy 
two tiliatioiis, a measured portion of the solution being lirst treated 
with an ('\< c^s ol normal soda sulTieiont to dissolve tin* |^r('cipit:l^e of 
hvdiale of alumina lirst formed. It was tlien diintc'd to a ih'finite 
\olume, one ha.ll h(*ing titrated w ilh normal acid and litmus, the other 
half w i{ h t ropo'olin 00. tin* dilh‘r<*nee laung caleulated to alumina,. 

A eonsiderahh* itnprovemeni, however, has be<‘n made by using 
plii'iiolphtlialein as the imheator, one tilration only being necessary. 
The method is ba.scd oii the fact that if to a solution of alumina, con¬ 
taining Ihc indicator, normal so*la is added in exeess, or until the red 
colour is prodiicisi, and normal acid he then added until tin* colour dis- 
appi'ars, the volume of acid so retjuired is less than tlie siida originally 
added m ])roporl ion to the quantity of alumina present. 

The volume of acid w'hieli so disappears is m reality the (luantity 
neci'ssarv to comhine with the alumina set fre«* by tlie alkali ; and if 
this ihdicieiil measure of aeid 1)0 multipiicMl by tin* factor O*O]703 

mol. wL of AIA),.), tlie weight of alumina will he obtained. This 
faidor is givi'ii on the assumption that the normal sultdiate AI,A^S 04 is 
formed. 

The titration must lake iilace in the cold and in dilute solutions, 
loo 
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Very fair foi.'hnical iiKuIts have Iteea obtained by ino with jjotasli and 
amnumia aliini'< and tlie l.•omnlClvi^l sulphat4;s of ainniitfn. 

Alumina existing a-' alununate of alkali in <-HUslic soda, for instance, 
may be very well <}ete:-niined by takinj^ advantaffe of the fact that such 
alumina i^ ijuile indiflerent to inidhyl oranjie, but n'ae.t^ acid with 
phenol-phfhalein. Tins fact has Ihm'u recorded by 'rhomson and 
others, but I lio priority of <li.seov(‘rv a[)pears to Ix^ due to ii a e y e r who, 
liowcver, use<l iilmn^ in the pla<-(‘ of phenoIi)]itha!(‘in, and t rojKcolin 00 
instead of iindhyl orange. 

Oj'o.ssand ltevan,*in their examination of i‘an>tic soda fur alu¬ 
mina, found by experinieni that the mean of th(‘ <iitb*renee between the 
titration with niethx! oranj;e and that with pli(M\olplitha!ein re<juire<l 
tfie factor d 020.') [lere.c of normal acid for the a,lumina, [)oinlin{^ to tlie 
salt as 2AI.j0i: oSO,. 

The determination of Ihe alumina in eaustie soda has ei\en rise to 
. imieh ilisciission between even t’liry <^xperieneed opm’atrirs, notably 
0 ro s s and B e v a n and li n n but tbe former eheiiiists have proved, 
as far as possible by various methods, the aceuraey ol tlieir views iliat 
the formula eivon above is eorn'ct. Tin' method adopted by them 
consists in boilin'^ the w'ei^ihed sample with a ^light I'xcess of siamlard 
acid, allowing fo cool and tilraring back with standard '-odaand pln'iiol- 
phthalein. Tlie acid sO c(»nsum('d represents the total alkali [iresoiit. 
To a similar portion a slight exci'ss of acid is added and titrab'd back 
with sotla. ami methyl ora.ng<‘. 

S c h Ill a t o ! I a * nx-ommem!s as tin* most rehahle method for the 
determination of aeids eoinhiiied with aluminium tin'litration ot lln^ 
boiling suliitimi of tlie ainminium '■alt with alkali -arhonate (ill plienol- 
plifhah'in turns distinctly n'd. titrating hack w'th acid il neci'ssarv. 

Determination of Free Acid.- Alum caka's or aluminic sulpliales of 
various kinds often contain free ;iud many nu'thods have Ixjen 

pr<»[)osed for its determination. Baeyer titrates x In j)cr eent. 
solution of the suhstaiiee iti water with normal -oda and trop<eolin 00 
or juetlivi orange. 

R. W i 1 1 1 a m s adopt.s the alcohol method, digesting the suhslancc 
for at least twelvi'hours with strong alcoliol, filteringoll ami washing 
with the '■ame, and titiating the solution without dilution or evapora¬ 
tion with acid ami ph(*nol|)hthalein. 

Beilstein and (j lo)s e 1 '• havi'examined with gix'at eare. all the 
methods |iropose<l fortius ]»iirpose, ar»l havi' di'vised one wliieh gives 
very good le(dini<-al I'ovnlts. 

Mkthou Of' l‘Ko('Kni'KK • 1 to 2 gin. of substance is dissolvi'd in .5 e.e. 
of water, 5 e.<'. of a cold saturated neutral solution of aiiimoniuni sul¬ 
phate added, and stiriv<) fora <|narter of an hour. hO c.c. of tt5 per cent, 
alcohol arc then added, the mixture Thrown on a small filter, ami washed 
with 50 c.c. of the same alcuhol 'J'hc filtrate is evaporateil on tlie water 

1/. ,f. r', 24. {}V2 ‘J‘ 8, 252. 

>n»ieiv 1890, 227, 298. 

^ 38, 985 ; and ./. X (' / . 190'), 24. 819. 56, PH. 

rh., 29, 78 : aii.l./. X f /., 1890, 9, 41t). 
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batii, the residue dissolved in water and titriii<;d with ^/loalkali and lit¬ 
mus. 'Hie vvHole of the neutral alurninie sulj)luite is jjnM'ipitated as 
ammonia alum, the alcohol contains all the free acid. 

As indicator, (lonj^o red may he used inste:nl of lihnus, employing 
it in very dilute solution and as an outside! indicator. 

T. .1. f. Craig’s* method for the didiuanination of fn'c acid and 
l)asic alumina in aluminium salts is basetl on the fa<'t that an of 

ncuiral }»otassium fluoride decomposi's aluminium salts, h)nning two 
stable compounds neutral to |ilienolpbthalein, whilst any free acid re¬ 
mains unaltered, thus - ^ 

At,(SO,)., + (xJr.SOj) h 12KF 2(A1K„ IJKK) + i- ('ill,SO,). 

Tile pnHUpitati'd aluminium jiotassium lhiori<le is insobihh; in the [ire- 
seiice of a moih'i’ate exciiss of jiotassium fluoride, aiul is not ajijireeiahly 
altackinl by dilute ji,ci(l or dilute caustic alkali. 

'I’ln^ lre(‘a<M<l in salts of iron a»id zinc may lie (h‘li‘rmincd by tbii^ 
method, but larger cmm^ss of potassium tlnoi-ide is m'ccssnry. 

For (IctaiK ol tlu^ metho<l s<m‘ ioc. cit. 

lodimetric Method of A. Stock.-— Ifcagcnt:^ re'iunvil : A mixture 
of c<|ual paiU of a 25 jicr cent, solution oj jiotassium iodide and ;i satur¬ 
ated solid ioii of iodatc (coidaining (i-7 jier cent, of tin* salt). Standard 
sodium thiusuljiliate solution. 

VVlien a mixture of jiotassium iodide and lodate is abided to a solution 
of an aluminium ^alt, a [ma-ijntati^ of aluminium hvdrab' is formed and 
a quantity of iodine si't free acconling to the following equation :— 

AI,(SO,), H- oKI + K!()< + m.O - 2AliOFf); 4 h 3',. 

Th<‘ reaction, altlioiigh comiiumcing rajiidly in tlio (!old. is not com¬ 
plete for soim* davs, csjH^cially in ililutc solutions, d’he r.qiidity is 
increased it the liherated iodine he removed by means of stamlard tiiio- 
suljibate, esjiecially uhen \varino<l. Hy boating the ■solution on a water- 
bath the reaction is complete in a few minutes, (‘vim in tbecas<‘ of very 
dilute solutions. The jiroci'ss is not a\'ailable in a solution <‘ontaining 
tartaric, oxalic, or jihosjilniric acid, but borii* aci<l do(‘s not ajijicar to 
interfere. 

Mkthou of IhuK'KiiUKK : The solution is lirsi neutralized with 
sodium hydrate, as it must be iicitlier too acid nor alkaline, thou si^ime 
tif the iodide and UMlalc reagi'nt added. After live minutes the sodium 
tliiosuljihale solution is run in from a burette until the solution becomes 
decolorized, tlu'ii afurtlierijuartlity of the ioilidc reagmit adilcd to make 
sure of comjilet(‘prtudpitation. After beating on a walcr-batli for half 
an liour, the flocculent jireidjiitHte is filtered off and the titration of the 
filtrate witli standard tliiosulpiuite comjileted. 

T. V. K 0 vsc ii ar 0 V a * uses ^'losodium tliiosiiljihate'solution which 
be adds in excess after the iodide and iodate mixture. 'I'lie liejuid is 
tlien lieated to boiling a-nd the excess of tbiosuljibate titrated with **/io 

*■/. \*r’. / , 1911, 30. 184. 

on,III. rvnil. 130 fll, ITi'i , A', f. 1900, 19. 27G \ J.1' A. 1900, 78. ii., 247. 
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iodine solution. TrnstvvorUjy r(‘>nltK aro obtained wlu'n (1) the <‘xcess 
of tliiosulphatc solution is sniall ; (2) tlu^ solution is as ne?fcly neutral as 
possible; and ttii ilu' healiiif' on tlir waler-batli is not eontiruied for 
longer (hail 2b-:;i) niinuti''. ‘ 

Iroin the ,vl»ov(‘ otjuation we see tliat 7hrr)2 parts ol iodiiu^ eoi'i‘(‘- 
spond to 102 2 parts of AI,();. Ileiico I <^iu. of iodine 0‘KW2tini of 
.\l,0,,. 


ANTIMONY. 

‘ Sb - 120*2 

I. Conversion of Antimonious Acid in Alkaline Solution into Antimonic 
Acid by Iodine (M o h r). 

This nudliod, <lLie to RI oh r, is <piit(‘ satislaetory for tartar enietie, 
<inliinony oxide and sonie other anlnuony coitipounds, but it fails when 
a|)pluMl to allots in wliieli antiiuony is not the j)rineit)al constituent, 
blit is present to the extent of o j)er cent. (o20 percent, only 'J’hc 
pres(!nc<' (d' tin is a disiurbin<i factor, but its lutiuema' may be i'ounti'r- 
acted bv a lar^o' excess of au alhali larliatc. 

Antimouiouso\i<Ic^ or any of its coni))oun(ls, is broiij^Iii Into sr)liiinm 
as tartratf' by tartaric acid and water; the excixss of acid neutralized by 
sodium carbonate ; then a cold saturati'd solution of sodium liicarboiiatc 
addi.Ml, 111 the proportion of lOc.c. to aliuut 0*1 i^m. Sbd),,; to the clear 
solution starch is addc^l and “/lo iofline until the blue colour apjicars. 
N<Mlelay must o<cur in the titration wiu'u the bicarbonati' is addt^d, 
otln'rwisc a portion of the metal is pn'cipitatt^d as antimonious liydiati*, 
ui»ou wliicli the iodine lias little edi’cl. 1) ii n s t a n and 15 o o I e ' have 
proved that the accurate def<‘rminaiiou of the antimony in tartar 
emetic may be secured by lliis imdliod, iisinj^ the lu'ccaulious imm- 
tioue<l. 

The colour disap|)ears alter a little lime, tlmrefore the first a|)p(5ar- 
anee of a. rc'ddisli tint with starch is acci'jited as the true mea,sure of 
iodine napiiroit. (ireatiT accuracy is attaiiUMl by addinj^^ au excess of 
1 e.c. of ”'ioo iodine and titrating" bai-k wntli tbiosulphati'. 

I e.<;. N/io iodine fiili. Sl>. 

M o h r ’ s process fur tll(^ <letermination of antimonious oxidi is both 
eoinenimit and exact. It depends on t.li^e reaction 

Sb,0,; + 21,, + 2H,0 = Sb,()-, H- 4111. 

which taki's place in a solution eontainiu^'an excess of alkali bicarbon¬ 
ate. The above expiation shows (hat 120*2 parts of antimony (as Sb.,{).() 
are eijuivalent to 2r);)*84 parts iodine, and the \veii,d)t of iodine found 
multiplied by 0'473r) Sb. 

For the detorminatioii of onthnaiiir and its salts, (J. von 
K 11 0 r re ■ ^ives the foIIow'iiiK method as accurate : • 

Method of PnocKiU'iiE; The solution ot the salt, stron;;ly*aeiditicd 
with hydrochloric acid, is treated in a roomy llask with stron^f solution 


.Vco, 188!^. 
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of so<liiini sulphite, added ^n-adually in small portions. It is then vi^^or* 
oiislv hoih'd jyitil all SO.j is expelled, a drop of phenolphthalein is added, 
then eanstie potash until red ; this is in turn |•(‘moved hva small (‘xeess 
of tartarie aeid. .Sodium hiearhonatf^ is then addiHl, and tln^ titration 
with iodine (tarried out in tli(‘ usual way. 

Determination of Antimony in presence of Tin (Type and'Britannia 
metal, etc.).* Tlu! fiiudy divide<l alloy is dissolved in slroni; hydro- 
ehioi ie acid by h(*at, a<ldine freipnmtlv small (|uaur,iti<'s of [lotassium 
chlorate. I’he liquid is boiled t<> remove fna* (dilorine, eoole<l, a sliept 
excess of stroiie soluti4)n of potassium iodide adiled, and the Mlx^rated 
iodine determined by slandard fhiosui])hate. * 

C1 a rk ' has made e\j)erim(!nts as to tiu' value of M o h r ’ s proecss 
in antimony oix's and alloys, a,nd maki^s the followin'; remarks with 
n'spect to them . - 

1\1 o h r ’ s process leaves to^ho desired in jxnnt of sharjMiess and ac- 

ciiraev , and tlio <-luef obj<'ct of my expiiriinonts has heeii to asocrtain llio best 
er)ii(litioii hif tli(! application of tins inctliod to the dctcrinination of antimony in 
ores and metals. J liavo proved by experiments tliat the presnin'e (d Iwul, even m 
larf'e quantity, has no mtluem-e on the result, but the i>rocess is affected by iron, 
and by copper, arsenic, and tin m the lower state of oxidation. The following is 
a short suiniiiaiy of my results — 

I. In the case of pmx! antimony ores praetically free from arsenic and iron, 
the ore may be dissolved in heated till all the H.jS lias been drixen off, tlicn 
mixed with tartaric acid or Uoehello salt, rendered alkaline hv hiearhonate of 
soda, and titrated with ^/lo iodine solution, as ro<aimniondod by i\rohr. 1 gin. 
antimony <ire eoiiLaming traces of Fe gave antimony •IG'77 per cent. Another 
1 gm. antimony ore containing traces of Fo gave antimony Ifi-MO per cent, 

II. Wbeii tlie ore contains more tliaii traces of iron, it is dissolved in IICl, 
prceipitatod with fcl.jS, (ilterod, washed, re-dissolved in HCl, and llie antimony 
titrated 111 an alkaline tartrate solution as hefnro. 

Ilf. When the ore eontains arsenic, whicli is by no means a rare occurrence, 
It 13 diss'dvcd 111 strong IK’-l eontamiug sufln-ieut ferric chlondo to decompose tlic 
sulplmles, and the arsenic is distilled off; the antimony is then precipitated with 
ILS, filtered, washed, re-di^solved m H(d, and titiated with '^/lo K'dine in an 
alkaline tartrate solution. The arsenic in the distillate can also be titrated with 
iodine in presence of excess of bicarbonate of sinla. 

IV. When an alloy or sulphide contains tin as well as arsenic and antimony, 
it may ho dissolved m IICl and Fc.^ll,., the arseuu- distilhxl oil as before, an(>tlie 
antimony precipitated with metallic iron (which should I'c as pure as possible, 
steel filings answer well). Tlie pr^icipilated antimony, after being filtered and 
washed, is then dissolved in llL'-l with the assistance of a little; chlorate of potash, 
filtered from any iiisoliihle impurity derived from the iron, precipitated with [T.,S, 
filtered, washed, dissolved in HOI, boiled to expel H.^S, and titrated with n/jo 
iodine in an alkaline tartrate solution. 

The antimony oro ndorred to above, when treated in tins way, gave the 
following results:— 

1 gm. gave antimony 40*02 per cent. Another 1 gm. gave anlmioiiy 1O*0 h per 
cent. 


‘See also H. Yoekey, L .1. S., IfOd, Iftf* 

••ij. .S. ('. 15, 2r..\ 
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Clark has also discovorod a niodifiod iodimetric process winch 
may be used where tlie ori<,dnal process is inadmissilkle. ^ 

Wlion antimony is <lisso[v(‘d in IICl with the assistance of cdilorato 
of potash, nitric acid, or tiniminc, tlic oxidizing; a^osit converts the anti¬ 
mony into ttie highest state of oxidation, on whi(di account it is necessary 
to reduce it a^ain to render it suitable for ilie application of iM" o h r ’ s 
process. It lias been discovered, however, that when antimony is dis¬ 
solved in HCl with the assistance of iodine, no rediieiii}; alient is reijuired, 
as iodine in an acid solution does not oxidize antimony beyond Sh-.A,, 
so that after boilin*: off the ex(‘ess of iodine Mohr’s jiroccss can be at 
once ffpjilied to the solution. 

This action of iodine is of very j^reat iniportanei', as it simplifies 
very much the determination of antimony in alloys eonlainins; leail and 
tin, as the tin is oxidized hy the iodine to the stannic state, an<l the 
hwl has no inJlnem'e on the result. Jn apjilyinj; the process, a weighed 
fjuantity of the alloy is treated with Hid so long as there is any action, 
*then solid iodiiu' is a<lded in small (piantities at a time, and heat ap¬ 
plied till eomphdc solution has taken place. Tlie cxj'css of iodine is 
removed l>y boiling, and the s<ilution cooled, diluted, and mixed with a 
little starch. Shouhl tlie addition of starch produce a blue colour in 
the acid solution owing to the I'rosencc of a trace of free in<iinc, a very 
w'cak sohition of siilphiile of sodium is added dro|) hy drop till the blue 
colour disappe^ars. It is tlnm mixed with Kochelle salt, rendered 
alkaline with sodium carbonate and titrated with *^/io iodine in the 
presence of a consi((erable excess of sodium biearbonab*. 

In this way good results were obtained witli white melal and alloys 
containing large proportion^' of lead ; but if eopjier is present the result 
is too low, and thei-opjier should he rmnoved by converting the metals 
into sulphides, and dissolving out the antimony hy caustic soda or 
potash. 


2 . Oxidation by Potassium Permanganate (Low;. 

5SbCl, -r KUICl + L'KMnO, - nSbCl-, + 2KCA + + hH.,0. 

It is jnobably correct to say that the metlnxl of Low,’ nr one or 
other of Its modifications/ has superseded all other methods for the 
determination of antimony in flie [iresenee of tin, lead, copper, etc., in 
Babbitt metnl, type metal, aiuimonial lead, etc. 

Method of FKorKix’Kii : Weigh oit 1 gm. of the finely-divided 
alloy into a ItOi) e.c. conical flask ; add :igm. of pure potassium sulphate 
and 12 e.c. of ixmcentraled snlpliuric acid. Heat until the alloy is com¬ 
pletely decomposed ; this may take tliirty minutes or longer. Cool 
add '25 gm. pure tartaric acid, and heat again until the solution be¬ 
comes colourless and the lead sulphate {if present) (piite white. Cool, 
add 50 c.c. of wabw and 12 e.c. concentrated hydroefdoric acid, and 
warm until all antimony and tin are in solution. Add OOe.e. of cold 

t 

>./. .1. ('. S., 1D07, 29. 60. 

Bulletin, No. 10{>, revi.m-d, U.h!. It pt. of Agriculturo, Hurrau of C'lunuwtry; 
Pern ore "t,’./. ami Entj. , 1913,5, M c Ca be, jW.. 1917, 9,42. 
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watfir, cool thoroughly, and titrate with standard permanganate solution 
until a pink Hush indieat(‘s the end-point. This pink edlonr niav dis¬ 
appear after a time, hut no more i'erman,i,oinaii* should he addral, the 
first (hdinite pink howij; taken as tlie (Uid point. 

The pertnan^'anate solution should he stanthirdiziMl a;;iiinst pure 
tiuelV'i)owdered met;illie antimony or auludrous tartar (unetie. 

1 e.e. of a solution eontaininj; 0-27 jjm. of potassium permanifanate 
jier litre - 1 ))(‘r eont of autimonv in 1 ^on. of substanei'. 

The presema* of tin does not intliUMie(‘ the results, whi<'h are aceuratc 
to within Od p(*r cent. Laree amounts of load and small amount- of 
copp(*r do not intertere. If nuieh iron is pres(‘ut, the alloy should 
h(‘ dissolved ill nitric ;ieid to i‘<*mov<‘ any dan^u'r of foirous sulphate 
lieinj; fomul in the linal solution, d’he nitric acid is nmioved by l)oiling 
with 10 of sulpliurie aeid ami 2-4 ^m. of polassiiim sulphate, after 
wliieh a little tartaric a.<ad is adde<l, a.n<l th<^ lioilin^'^ eoiitinued until 
tlieorfianie matter is eompletely ilf^stroved. The aiilinionv will then 
be in its low'cr state of »)\ida,rion 

Ars(‘nie, if pn'simt, is measured as aulimony. The arseiiicmnay bo 
se[)aratelv determined and its (‘(juivalesiit amount of antimony de<liieted. 
Or th(^ autimonv and tin may be sepaiat<Ml by tri'atmeut with an alkali 
sulphide, their sulphides beinj: pieeij)itated from this solution by th(^ 
addition of sulphurie aenl, and heated with sul|)hurie aei<l and potas¬ 
sium sulpliat(‘ as ahov<‘. 

In tin* litratioii with j>erman; 4 anal<“ I) (* m o r ('s t niid Met'ahe 
(loc. eit.) re<-oium<*nd that an exei'ss of perman^'onatf he inn in, titrating 
back with, say, fetrous snl|that(‘ solution. 

3. Distillation of Antimonious or Antimonic Sulphide with HydrO'> 

chloric Acid, and Titration of the evolved Sulphuretted Hydrogen 

(Schneider). 

When eitiu'r of tlie sulphides of antimony is healed with hydro- 
ehlorie aei<l in Bun si* n ’ s, ¥ r e s e n i u s ’ s, or M o lir ’ s distilling ap¬ 
paratus (tigs, ttn, for every e(j. of antimony prestmt as sulphide, 
3 cq. of H.jS are lilierabHi. If, tlierefonx the hitter be determiu(“d, the 
(piantity ot antimoii} is aseertaiiK'd. 

Method of Brockdiikh ; The antimony to he <leterniim‘d is hroiight 
Into the form of t(U'- or penta.-'-ult»lii<le (if pri.‘eipitat(‘(l from a hydni- 
e.hlorie ai'id solution, tartai’U' acid must be. |)i’eviouslv a.d<led to prevent 
tin; precipitate lieing eontamina^Ml with ehloiTh'), which, together with 
the filter eontabiing it, is put into 1 luMlistilling flask with a tolerable 
quantity of hydroehlorie aei<l not too eoncentrated. TIk' absorption 
tube contains a mixture of caustic soda or potash witii a dolinite 
quantity of ^^cid solution in suHieient exei-ss to retain all 

the sulphuretted hydrogen evohaal. The jlask is then heated to boiling, 
and the ojieration eontimied till all evolution of sulphuretted hydiogeii 
lias ceased ; the mixture is then poured into a lieaker, and acidified witli 
hydrochlofie acid, to precipitate all the arsenious sulphide. The wliole 
is then diluted to, say, 300 e.e., and 100 <‘.e. taken wdlh a pipette, 
neutralized witli sodium earhouate, some biearbonatc added, and 
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titrato<l for exfess of arsonious acid with iodim^ and starch. Th« 
separation of antimony may generally he ensured hy yrecipitation as 
snl|>hide. If arsenic is pnadjiitated at the same timi‘, it, may lie I’l'moved 

treatriKMit witii ammonhitn carhonafo. 

4. Titration with Standard Potassium Bromate ((iyory).' 

This metlHHl was ori^dnallv devised for fli(‘ valiiatinn of lAtwh'r’s 
solution atid ol tartar emetic ; hence it is applicable t(» both arsenic and 
ani itiiotiv. 

2KHrO, r 2II0I + asb,(), tiKOI 4- l>HBr -i- ;tSb,(),. 

Reaj^ent re<piired : 

Decinormal potassium Itromate—2784^mi. ()f the pure cr\>'jals drif'd 
at IKt" ar(' dissoIvcMl in water atid made u|)to 1 litre. 

1 e e. ^ 0-004048 ^nt. As,,(), 

Ice. -- 0-00721 ^m. Sl>,6; - 0-00(i-m. Sb. 

Tl)e titralion is performed inasointion acidified witti 11(0. Ion- a 
1 per <‘enl. solulion of arsenious a<*id an I’lpial volume of dilute H(0 
(1:2) is used ; but in the ca,se of antmionv more acid must be taken in 
or<l(U’ to pno’cnt tlie precipitation of the antimony with increasing dilu¬ 
tion during titration, d’lius, for gm. ol tartar emetic 25 <-.c. or mure 
of the dilute acid should be added. Methyl orange is added to the 
solution as indicator. In each case the slightest e\ee'^sof luoma.ti' com¬ 
pletely <le<‘olorizes ilie red solution m consequenci', of the bberaiion of 
bromine. Tlie bromati^ solution siumld be adiled gradually, cspee.ially 
towards the end. The jn-esmice of tin and ol consulerahh^ <|uanlities 
of iron ami copper interferes with this m<‘tiio<l. 

.1. B. Duncan ' recommends tlu“ following proccaiure. - 

He standardizes the **’10 potassium hroma,r<^ solution bv dissoKmg 
0’8 gm. of pure finely (livid(‘d antimony in 2()c.e. IKdaiid a few drops 
of bromine in a covered 40(1 c.**. lM‘ak<‘r, kce|nng tlie liipiid warm and 
Occasionally sliaklng till tlie metal is dissolvisl. Tlien boil oil exeess of 
bromine, cool a little, aiidad<l alioiitO-To gm. of sodium '•iilpliite. Boil the 
mixture down to about half its volume to drive off S(T. (In the case of 
aljoys this latter operation will also remove any arsenic present.) Rinse 
the cover ami siiles of the lieakor with liot water, and add a littli^ 11(11. 
Then heal the liipiid to boiling and run in tlie decmonnal bromate 
from a burette until nearly all the antimony has been oxidi/ed. Now 
add three drops of methyl orange ami eontiniie the addition of bromate 
until the colour of tlie metliyl orange is di'stroyc'd. About oOc.c. will 
be required, as 1 e.c. of *^,'10 bromab* al)ont OOOfi gm. Sl>. The exaet 
value of 1 c.c. is thus obtained. The jiroeess is strongly recommemled 
for the analysis of hard lead, alloys, ores of antimoiu, et<-. (l-lt gm. is 
taken for the determination, and ihi^ solution is elVecteil asdeserihed 
above. 


< 1 . i'., 1HJI3,32, iir,. 


- V A.. I!H)7, 95, 49. 
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For the dotenuination of antimony in antimonial lead Nissenson 
and Sicdloiif modify thcwnclhod as follows. Thoy dissolve the alloy 
in hydioclilorie aeid saturated with bromhio, reduce the antimony with 
sodium sulphite, add more hy<lrochtorio acid, and titrate the hot solu¬ 
tion with the standard potassium broniate, using indigo solution as 
indicator. 

5. Determination of Antimony Pentoxide and its Compounds 
(Weller). 

This IS the converse of method ]. The pentaeiiloride is distilleii with 
strong HCI and Kl in one of the forms of distilling apparatus (see 
figs. 11") an<l 3f>), and the separated iodine titrated with ”/io tliiosul- 
phate. 

Notks os THU FOtiEnoiNO Mi’.TiiODS E. Sclimiclt- especially recommends 
mctliods 2 and 4 for tochiiical purpo.sns. ♦ ^ 

Bock 0 11. finds that tlie volumetric determination of antimony with iodine 
gives very com'ordaut results, but these are only correct when the older atomic 
woiglit of antimony (Sh -- 122) is used. When the atomic weight Sh -- 120 2 is 
taken the results are about 1 per cent, too low. 

Determination of Antimony in its Sulphide Preparations.— Howard 
and Harrison'* propose to convert the antimony sulphide iufo hodium metanti- 
monafe by fusion with sodium iioroxidc, the antiiiKniy salt being tlicn reduced 
and detcrmiiHal lodimctricaliy, whilst the sulphur is determined as sulphate. 

ARSENIC. 

As - 74-l)0. As,(); 107-112. As.O^ - 22'J'92. 

I. Oxidation by Iodine (M 0 h r). 

The principle upon whicli the dotcniiiiiation of arsenious oxide by 
iodine is bused is exidaiiied on j). J14. 

I'AjHuienee has shown that m the deiorminatiou of arsenious coiii- 
poniids liy tln‘ metliod there described it is necessary to nse sodium bi¬ 
carbonate for rendering the solution alkaline, as in the case of anti- 
man y.® ^ 

Metmqd or PnocEonKE: To a neutral ai|ueous solution, add about 
2o c.c. of saturated solution of^sodiuni bicarbonate to every Ol gm. or 
so of As,d)„ and then titniii' with *^/io iodine and starch. When the 
solution is acid, it may be neutralized with .sodium earhonate, then the 
necessary quantity of bicarbonate added, and the titration com[ilete<l as 
before. 

Prooedtike for Arsenic Acid: This is best done by dissolving the 
acid in water and boiling witii potassium iodide in the presence of 
hydrocliloric acid in large excess until all iodine vapour.s arc dissipated. 

^ <%■>,} */,■>!., 1903, 27, 749. '•* 1010, 34, 453. 

1010, 102, 101. ■‘/Vc ./., 1000, 83, 142. 

*^Wa3lihiirn (./. .1. <\ K, 1008,30,31. ami A>u, 1008, 33, 102) lias studied 
Mohr’s metliod. He suggests the use of sodium phosphate iiisteail of buarboiiate. 

11 
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Tho HjAsOj is completely reduced to HjAsOj, The liquid is then cooled, 
sodium carhoimte added to neutrality, then some bicerhonate, and 
tho arsenious acid titrated with iodine in the usual way. Younger* 
has verified this method and prov(!d that the reduction is complete; he 
also states that when the boiled .solution cools, the liberation of a slight 
amount of iodine occurs, which may be prevented by using a few c.c. of 
glycerin. Of course the arsenic acid must contain no nitric acid, 
nitrates, or similar interfering bodies. 

1 c.c. "/lo iodine = 0 004948 gm. AsjOj, 

„ ~ 0’00.")748 gm. AS 3 O 5 . 

The Determination of Arsenic in Aikaii Arsenates _It was originally 

proposed by Mohr lo effect this by passing sulphur diosiile through tho 
solution so as to reduce the arsenic to arsenious acid, boiling off the 
SO 3 , and determining the arsenious acid by iodine as just described. 
This [irocess, however, was not widely adopted, as it was found defoetive 
in many instances for the rea.son that the mere passing of the gas 
through the liquid did not ensure eonqilete reduction of the acid. 

Holt h of “and M c K a y ■' have e\|)eiimonted largely on this method 
of determining .arsenic, and Ifolthof proved that varimis forms of 
arsenic, on being eonviTted into .arsenic acid, would bear evaporation to 
dryness with HCI without loss, and that arsenic sulphide could be 
oxidized by strong nitric aeiil, or vvitli HCI and KCIO.,, to arsenic acid, 
and reduced to tlio lower state of oxidation iiy copious treatment with 
SO,, tlie method being to add .'100 or 400 c.c. of strong solution of SO„ 
digest on tile water-batli for two liours, tlicii boil down to onc-lialf, and 
wlien cool add sodium biearlimiate, and titrate watli iodine. 

M c K ay sliortens llie metliod eoiisideralily by placing the mixture 
in a well-stoppered liottle, tying ilown tlie, stopper, and digesting in 
boiling water for one lion?-. At tlie end of tliat time tlie iiotllo is re¬ 
moved and allowed to cool somewliat, llien emptied into a lioiling flask, 
diluted with about double its volume of water, and boiled down by lielp 
of a platimim spiral to ono-lialf. The liquid is cooled, diluted, and 
eitlier tlie wliole or an aliquot portion titrated with iodine in tlie usual 
way. 

For qii.aiitities of material representing alioiit O-l gm. As, fit) c.c. of 
saturated solution of SO, will sutliee, and tlie reduction may llierefore 
be.madc in a bottle lioldiiig .bO or (it) c.c. (lig. 97). Tlie results are satis¬ 
factory. In tlie case of titrating commerciat alkali arsenates, wliich 
often contain small quantities of arsenious acid, this must bo deter¬ 
mined Hrst, and tlie amount deducted from the total obtained after 
reduction. 

A. Williamson' has deviseil tlie following ready metliod as 
being applicable to eomniereial arsenates, and lias made use of tho re¬ 
action wliicti takes place, between arsenic, and liydriodic acids in strong 
acid solution. In these circumstaiiecs arsenic acid is quantitatively re¬ 
duced with liberation of iodine. Tlie reaction is 

As .,05 + 4HI = AS.O 3 + 2H.0 -r 21.. 

l./.,S'.C' 7,1890,9,158. “Z. . 1 . 1383, 29. 378. ’ C. ,V., 1886, S3, 221-343. 

'</ Ihjr.rs «Hd May, 1896. 
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It was found that tho reduction is complete only in strongly acid 
solution, and that if such a solution be diluted the reverse reaction 
takes place to a certain extent, a portion of the arseiiious hecoining oxi¬ 
dized (0 arscuiic acid. The iodine may, however, be determined belore 
dilution by means of tiiiosulphate, and in the absence of other bodies 
capabh^ of liberating iodine it may lie taken as a measure of the arsenic 
aci<l. 'I'Ik! acid solution may then be neutralized, and tlio arsenitc 
titrated with iodine after addition of sodium bicarbonate. Tins serv(‘s 
as a clieek on the thiosulfiliate titration. 

The riiduction may be etfoeted cither in iiydroeliloric or sul^hurie 
aei<l snliiLioii, lint in either case a (unisideralilo excess of acid must he 
present, otherwise the reduction is incomplete. 

As commercial sodium arsenate usually contains some nitrate, ex¬ 
periments were made to ascertain whotlier the presence of this salt in- 
tcrfcrc's with the accuracy of th(! tliiosiilphate titration. A pure solution 
of arsenate was ])repared as before, ilnd 1 gm. of sodium nitrate added. • 
25 c.c. of this solution were then treated witli potassium iodide and 
hvilrochlonc aci<l, and the iodine titrated witli thiosulphate as before. 
The arseiiK* neid e.-ileulated from the thiosulphate consumed was lOOdI, 
instead of ItM). It is iwident that the presence of nitrate causes little or 
no lilMM’alion of iodine in the cold, but if tlie arsenate is dig(‘sted with 
iivdrochlori<- acid and potassium iodide in a closed bottle iinincrs(Ml in 
lioiling walin’ the iodine liberated is coiisiili'ralily in excess of tliat corre¬ 
sponding to the arsenic acid. In this case, the quantity of thiosnlpliate 
coiisnminl is of no value. 'Jhe arsenie can, liowever, be accurately 
determined by titrating the arsenite aftisr the iodine lias l>een decolor¬ 
ized. 

Instinid of hydrochloric acid, 15 c.c. of a mixture of sulphuric acid 
and water, in equal volumes, may he used. Since the addition of snl- 
plnu’ii^acid causes the solution to become sliglitly heated, it is cooled 
lieforo titrating thi^ iodine. Tlio results are practically the same as with 
hyiirochloric acid. 

Not Ics^ than 5 gni. pota'^simn iodide sliould be added, or coinplete 
r<?dn<'l ion is nut imimnliati'ly efieeted. Tlie prosciiee of small quantities 
of nitrate doi's not interfere with tlio accuracy of the tluosnlj)hatc titra- 
lion. (lompicto reduction can lie brought aliout with 2 giii. jiotassium 
iodide and 10 c.c. of siilphurie, acid, if the solution is heated for tA’e 
inimitfis, on the steam bath. A portion of the io<line volatilizes, but no 
arsenic is lost. The iodine is exactly decolorized with thiosnliihato, 
the solution nmitralized and titrated with iodine in tlie ordinary 
manner. 

pROCKniiRK WITH COMMERCIAL Arsenatk OF 8 oiu : 10 gill, ai’c dis¬ 
solved to I litre, and the arsenic acid in 25 c.c, (ieterniiiied by one of 
the methods given above. The thiosiilpliato titration records only the 
arsenic [ireviously existing as arsonii; acid. The small proportion of 
ASaO., which usually exists is ascertained by direct titration. Wlien this 
is calcnlatcil to arsenic aci<l, and added to that found by thiosulphate, 
the results approximate very closely to those found by titrating the 
arsenie. 

Determination of Arsenic in presence of Tin.—If both these elements 
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aro present in the lower state of oxidation, the tin may be oxidized with 
iodine in strong acid solution, tiie arsenic being unaffecl’cd. Rochelle 
salt is then added, the solution neutralized, and the arsenite titrated 
with iodine. 

Exami’LE : 25 c.c, o( sodium arsenite were mixed with 25 c.c of hydro¬ 
chloric acid, and 8 gm. stannous cliiorido added. The tin was then ovactly oxi- 
dized with standard iodine, and the arsenic titrated in the alkaline solution. 24’9 
c.c. of iodine wore required. 

If llioy are present in the highest state of oxidation, the arsenie may 
he reduced by one of the methoils given under the determination of 
arsenic acid. The stannic salt is not affected. 

It is thus possible to determine the arsenie in a mixture of .•irsenato 
and staiinaie of soda. In presence of a considerable quantity of tin, 
however, the complete reiluctlon of.the arsenic acid is not etfected quite 
as readily as wlien tin is absent. Tlio following method has given good 
results 

4 or 5 gm. of the mixture arc dissolved in as small a quantity oflfCl ns possible, 
an equal weight o£ tartaric acid is dissolved in the solution, winch is then diluted 
to 250 c.c. (If the tartaric acid is not addod a precipitate forms nn dilution which 
contains both tin and arsenic.) 25 c.c. of this .solution ar - llie meed with 
3 gm. potassium iodide and 25 c.c. HCl, sp. gr. IdO, and the .solution ho;itcd on 
the steam bath for two or throe minuto.s to ensure the complete reduction of 
the arsenic acid. The liberated iodmo is exactly decolorized with tliiosulpliato, 
and the arsenic determined by titration with iodine in the neutralized solution. 
A mixture of arsenate and staunato in equal quantities and containing a known 
percentage of arsenic gave 28'57 instead of 28*75 per cent, of arsenic acid. 


2 . Oxidation by Potassium Dichromate (Kessler). 

Thu arsenious compound is mixed with ^/lo <licln’omate in uxei'ss in 
presence of hydrocliloric acid and water, in such proportion that at least 
of the total volume consists of hydrochloric acid (sp. gr. 1*12). 

The excess of dichromatc i.s found by a standard solution of pure 
ferrous sulphate or ferrous ammoiiium sulphate, with potassium ferri- 
cyKnide as indicator; the quantity of dichromate reduced is, of course, 
the measure of the quantity of arseuious converted into arsenic acid. 

1 c.c. */iodichromate = 0*004948 gm. As.On. 

In casus where t,he direct titration of the hydrochloric acid solution 
cannot he accomplished, the arseuious acid is pre<'ipitatcd with II.^S 
(w’ith arsenates at 70'’ C.), the precipitate well washed, the filter and the 
precipitate placed in a stoppered fla'^k, together with asaturated solution 
of mercuric chloride in hydrochloric acid o' 1*12 sp. gr., and digested at 
a gentle heat until the jirecipitate Is white, tlien water a<ldcd in such 
proportion that not less than J of the volume of liquid cons'ists of con¬ 
centrated IICI; **/io dichroniate is tlnm added, and the titration with 
standard ferrous solution completed as usual. 
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Indirect Determination by Distilling with Chromic and Hydrochloric 
• Acids (Bunse n). 

Thn princjj^lo of ibis very exact mctliod depends upon the fact that 
wliLMi polassiuin dichmiuate is boiled witii concentrated hydrocliloric 
acid, chlorine is liberated in the proportion of 3 eq. to 1 e(|. of chromic 
acid. 

If. however, arsenioiis acid is present, but not in excess, the chlorine 
evolvc<l is not in tlie proportion nicntione<l aliovo, Imt so nundi less as is 
necessary to convert the arsenioiis into arsonie acid. 

As A + 4C' + 2 H ,0 - As^Os + 4irCl. 

Therefore every 4 eq. of chlorine short of the quantity yi<*l<le<l when 
(liclironiate and liydrochloric acid are distilled alone rejiresi'nt 1 C(j. 
arseiiious aeid. The o[)eration is conducted in some form of the appar¬ 
atus descrilied on p. J40 tt .sy^. , 

4 . By Precipitation as Uranium Arsenate (Bddeker). 

Mctuod of JhuH'KDURE : Tlio arsenic must exist in the .state of arsenic acid 
(As./Ad, and tlie process is m all respects the same as for the (Ictennuiatiou of 
phosphoric acid, devised hy Noubaucr, I'mcu.s, and myself {infra). The 
strength of the uranium solution maybe ascertained and tixod by pure sodium or 
potassium arsenate, or by means of a weighed quantity of pure arsenioiis acid 
converted into arsenic acid by evaporation with strong nitric acid, then neutralized 
with alkali, and dissolved in acetic acid. The method of titration is precisely 
the same as witli phosphoric acid; the solution of uranium slioiild be titrated 
upon a weighed amount of arsenical compound, bearing in mind here, as in the 
case of that tlie titration must take place under precisely similar conditions 
as to quantity of liquid, the amount of sodium acetate and acetic acid added, 
and the depth of colour olitained by coutact of the fluid under titration with the 
ferrocyamdc solution. 

B on ni b who lias had large experience in the examination of arseni¬ 
cal ores, recommends tliis method as being iapi<l and accurate, and 
carries it out as follows :— 

AfKTnoD OF PiiocEDUiU'i : 1 to gm. of dried and powdered ore is boiled to 
dryness with 20-25 c.c. of strong nitric acid ; when cool about 30c,e. of dO per cant, 
caustic soda solution is added and boiled fora few minutes; then diluted, filtered, 
and made up to 250 c.c. 25 c.c. of the liquid are acidified witli a solutiou contain¬ 
ing 10 per cent, of sodium acetate in 50 per cent, acetic acid, and lieated nearly 
to boiling, tlien titrated with the standard uranium as usual, i'or tliis latter, 
the same authority recommends what he terms a fourth-normal solution of 
uranium, concainiug 17T gm. uranium acetate, and 36c c. glacial acetic acid made 
up to 2 litres with water, 1 c.c. being equal to 1‘25 mgm. As. But if the 
method has to be considered accurate, this suggestion can scarcely be adopted, 
since tlie uranium acetate of commerce is of indefinite hydration ; and moreover, 
to ensure exactitude, it is necessary that the titration should bo carried out with 
the same pwiporbionsof saline matters, acetie acid, etc,, as existed wlien originally 
standardizing the uranium, I, therefore, unhesitatingly recommend that the 


> a A’.. 1890, 61 , 219. 
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uranium should bo standardized with a known weight of pure arsenic or arsenate 
in the presence of the same proportions of sodium hydrate aud, acetate, acetic 
acid, etc., as will actually be used in the analysis of an ore. The method may 
be used for all ores which can be attacked by nitric acid. • It is also available for 
iron pyrites containing tolerable quantities of arsenic ; tlic ferric arsenate being 
readily decomposed by excess of NaKO, thus allowing the ferric hydrate to be 
filtered off fioe from As. 

Tlie soluilon of arsenic acid must, of course, be free trom molals 
liable to give a colour with the indicator and from pliosphates. Alkalis, 
alkaliye earths, and zinc are of no consequence, but it is advisable to add 
nearly tiie re<iiiircd volume of uranium to tlu! liquid before heating. 
The arseni(t acid must he separated from all Imses wiiich would yield 
com))ounds insoluble in weak acetic acid. 

The AsII.t evolved from Marsli’s apparatus may lie passed into 
fuming HNOj, evaporated to dryness, the arsenic aciil dissolved in 
.water {antimony, if present, is insoUible), then titrated cautiously with 
uranium in presence of free acetic acid and sodium acetate as above 
described. 


5. By Standard Silver as Arsenate. 

This metliod has been devised by I’earce of the (\'lora<io 
Smelting Company, and is as follows 

Method of l*ROCEi)Uiif:: Tlio fmely-powdered substance for analysis is 
mixed in a largo porcelain cruciide with from six to ton limes its woiglit of 
a mixture of equal parts of sodium earlKinato and potassiuiu nitiatc. Tlio mass 
is then heated witli a gradually increasing temperature to fuL'ion for a few minutes, 
allowed to cool, and tlie soluble portion extracted by wenniug with water in the 
crucible, and filtering from the insoluble residue. The arsenic is in tlie filtrate 
as alkali arsenate. The solution is acidified witli mtric acid and boiled to expel 
CO^ and nitrous fumes. It is theu cooled to the ordinary tcinperatiire, and 
almost exactly neutralized as follows:—Place a small piece of litmus paper lu the 
liquid: it should show au acid reaction. Now gradually add strong ammonia till 
the litmus tunis blue, avoiding a great excess.' Again make slightly acid with 
a drop or two of strong nitnc acid ; aud then, by means ol very dilute ammonia 
and nitric acid, added drop by drop, bring the solution to such a condition that 
tliQ litmus paper, after having previously been reddened, will, in the course of 
half a miuutc, begin to show signs of alkalinity. Tlie litmus paper may now be 
removed and washed, and the solution, if tolerably clear, is ready for the addition 
of silver nitrate. If the neutralization ?ias caused much of a precipitate 
(alumina, etc.), it is best to filter it off at once, to render the subsequent filtration 
and washing of the arsenato of silver easier. 

A solution of silver nitrate (uoutral) is now added in slight excess; and after 
stirring a moment to partially coagulate the precipitated arsenato, which is 
of a brick-red colour, the liquid is filtered, aud the procipilatc washed with cold 
water. The filtrate is then tested witli silver and dilute airmonia, to see that 
the precipitation is complete. 

The object is now to determine the amount of silver in the precipitate, and 
from this to calculate the arsenic. The arsenate of silver is dissolved on the 


^ Canby neutralizes with im emulsiou of zinc oxide. J. C. .S'., ISW, 68, 9'J3. 
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filter with dilute nitric acid (which leaves undissolved any chloride of silver), and 
the filtrate titr|ted, after the addition of ferric sulphate, with thiocyanate 
(p. 150). 

From tho formula 3 Ag^jO.ASjOs, 047*2 parts Ag = 140*92 parts 
As, or Ag: As — 1 : 0*2310. 

A modification of thV above motliod is suggested by J. F. 
Bennett’ in ordt^r to avoid sonu^ sources of inac(Mirac,y. He found 
that it was very difiicult to obtain neutrality by either of the 
procossiis given, and, by avoiding ammonia, plienolphthalein could 
be used as an indicator. • 

W ad d 0 1 r*’ and Ids collaborators as the result of their investigation 
of the jirocess express the oisnion that Oanby’s modilicution gives too 
low results, whilst that of Bennett is likely to yield too high figures, 
but that both of the methods may be so aiiumded that they will give 
practically concordant results. Wijddell recommends fusion of tlie 
substance willi ten or twelve times its weight of sodium peroxide, ex- * 
traction of tlie fusion wilh watiT, an<i making up the volume of the 
solution to u litre or half a litre. A suflicicnt aliijuot (piantity is then 
tak(‘n to retpiire at iiaist 14 (*.<■. of tlie tliioeyanate solution. If 
Canhy's meilio<l is bi*ing used, tho alkaline solution is neutralized 
with nitric acid, a very sliglit exci'ss added, and, after addition of silver 
nitrate, this small excess is neutralizi'd by zinc oxide. 

If the Bentu'tt nuxlilication is being followed, the alkaline solution 
of the arsenate is acidified w ilh niti ii* aeid, made slightly alkaline with 
pure caustic soda, and then wry slightly acid with acetic acid before 
precipitating the ai’M'iiic: as silvm* arsenate. 

Owing to the large ainomit of arsenab^ of silver formi'd from 
a small (|uantity of arsiaiic (ticarlv six tunes by weight), it is not 
at all necessary or even desirable to wairk with large amounts of 
substance. 0*.5 gm. is usually sunicient for the iletermmation of 
the smallest, ijuantity of arsenic; and where the iiercentage is high 
as little as 0*1 gm. may lie taken with advantage. The methoil has 
been used witii very satisfactory results on tho sulphide of arsenic 
obtaine<l m the ordinary course of analysis. 

Substances such as molybdic and phosphoric aia<ls, which behave 
similarly to arsenic umler this treatment, interfere, of course, with 
the method. Antimony, by forming sodium antimoniate, remains 
practically insoluble and without effect. 

• 

6. Determination of Arsenious Sulphide by Iodine. 

J. and H. S. P a 11 i s o n have shown that the separation of arsenic 
as sulphide from many metals, viz., lead, tin, cadmium, antimony, and 
bismuth, is complete when made in coueontratod hydrochloric acid (sp. 
gr. 1*16-1*17). The subsequent determination is carried out by the 
the authoiis as follows :— 

A. 0. 1899, 21, 431. “./. and /,nl ('han., 1919, II, 939-941. 

3/. .S\ a f., 1898, 17, 211. 
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Method of Pboceduee : The precipitate is collected on asbestos in 
a G 0 0 c h crucible and washed with cold water until fr^^e from hydro¬ 
chloric acid. The asbestos felt with the adhering precipitate is then 
placed in the small beaker; tlie crucible is wiped out with a little clean 
ignited asbestos, which is also put into the beaker. 10 or ir> c.c. of con¬ 
centrated sulphuric aeitl {sp. gr. al)Out free from arsenic are then 
poured into the beaker, whi(‘b is tli(*n placed without a cover on a hot jtlate 
or on a wire gauze over a small B u n s e n flame in agood draught closet. 
As soon as the acid roaches the temperature atwliich it begins to fume, the 
arsenious sulphide becomes rapidly decomposed ; at first both sulphur¬ 
etted'nydrogen and sulphurous acid are given otf (if a cover l )0 put on 
the beaker ilie mutual decomposition of these two gases <-aus(;s a deposi¬ 
tion of sulphur on the si<ics of the beaker). Thciwolution of sulphuretted 
hydrogen is over in a few seconds, hut tluf sulphur dioxide takes longer 
to expel, depending u[»on the quantity of arsenious sul|)ludc, ami of free 
sulpliur tliat may have been mixcd.witli the pre<-ipitate. As si)on as the 
'decomposition of the arsenious sulphide begins, the liquid becomes 
darkened in colour, and the heating, which may be brought toan<l kept 
at the verge of ebullition of tlie acid, is continued until this<Uirk colour 
disappears, wlien it will be found that all tlie sulphurous acid has been 
expelled. It is of the utmost importance that all sulphurous acid should 
be eliminated at this stage. This takes about 10 to 20 minutes with 
precipitates of sulphide weigliing about 0'02 gm. and nearly free from 
free sulpliur. Arsenious ncid remains in solulion in the sn!j>huric acid 
and tlie amount is determined by cooling the aci<l, diluting with water, 
nearly neutralizing tlie acid with eom-enirate<l sodium hydrate solution, 
and tlum completing the neutralization and rendering alkaliiu' with an 
excess of sodium bicarbonate, and finally titrating with standard iodine 
solution and starch. 'J’he iodine solution must hi standar<liz(“d against 
an approximately equal quantity of arsenious acid, to wliu-h tlie same 
amount of suljiliiiric acid lias been adde<l as w'as used for ilie <l(‘composi- 
tion of the arsenious sulphide precipitate. As sul[)liMric acid alone 
usually requires a few tcntlis of a cubic centimetre of centiiiormai 
iodine solution to be added to it before the bine colour nf iodidi'uf 
starch forms, a blank experiment w’ith the stock of acid in use slunibl 
be made once for all. it was found tlie best plan to avoid breaking up 
the asbestos felt, and if possible to put it in the beaker so that tlu^ side 
on which the precipitate lies is on the bottom of the beaker. This pro 
vents the precipitate from becoming detached from the felt and floating 
to the top of the acid or creeping up the'sido of the heakcr. 

This method was used for six months in the course of daily work, 
alongside of determinations made by weighing the sulphide precipitate, 
or, after having separated the arsenic by F i s c h e r ’ s distillation process, 
by titrating the distillate (previously rendered! alkaline) with iodine 
solution, and the results were very concordant. 

Experiments show that there is no loss of arsenious acid by volatili¬ 
zation when arsenious sulphide is decomposed by lieatingwith strong 
sulphuric acid in the manner described. 

Determination of Arsenic in Iron Ores, Steel, and Pig Iron (J. E. 
S1 0 a d).—The best method of separating arsenic from iron solutions is 
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undoubtedly that of distilling with hydrochloric acid and ferrous 

chloride. • 

S t e ad found, after many trials and experiments, that if the distil¬ 
lation is condu(d,ed in a special manner the whole of the arsenic may be 
obtained in the <listillate, iuiaccomj)aniod with any traces of ferrous 
chloride, and that if the hydrochloric acid is nearly nentraliz(;d with 
ammonia, and finally completely neutralized with sodium bicarbonate, 
tlie arsenic can be determined with io<line in the usual manner. 

The standard solutions required are :— 

Arseiiious oKide, 0'60 gm. 0*5 gm. elemental arsenic) of pure 
arsenious oxide in line powder is weighed and placed in a Hask, with 
2 gni. of sodium carbonate and ]00 c.c. of boiling distilled water, and 
tlu^ Injuid boiled till all the arsenious oxi<ie has dissolved. When cool, 

2 gm. of sodium bicarbonate are added and diluted to J litre. 

1 C.c. - 0*000.5 gm. As. 

Iodine solution. 1*7 gm. of pure iodine is dissolved in 2 gm. of * 
potassium iodide and water, the solution diluted to oiu^ litre, then 
standardized by titrating 20 c.c. of the arsenious solution. If pure iodine 
has been iisiid, 20 c.<t. of the solution should be required just to produce 
a permanent blue with starch. 

These solutions keep fairly well without alteration for several months. 

It is advisable, hovv(‘V(5r, to ascertain periodically the value of the iodine 
solution by titrating it with the arsenic solution. 

Mktuou ob’ Phoceourk for Steel : From 1 to 50 gm. of the stool in 
drillings aro introduced into a dO-ounce tlask, and a sulTiciout quantily of equal 
parts of strong hydrochloric acid and water is added to dissolve it. The mouth 
of the dask IS closed With a rubber stopper carrying a safety tube and a tube to 
Convey tlie gas evolved into the Winkler’s spiral absorption tubes, containing 
a strong saturated solution of bromine m water. 

Tho tube is filled to one-third of its length with the solution, and about ^ c.c 
offree bromine is run in to replace the bromine which is consumed or earned out 
with the passing ga.s. 

The contents of the flask are now gently heated to sucli a degree tliat a steady 
but not rapid current of gas passes through the bromine solution. 

In about one lionr tho whole of the steel will be dissolved, and when no more 
evolution of hydrogen can he observed, the liquid in the llask is well boiled, so as 
completely to drive all the gas into and through tho bromine solution. • 

Tlic absorption tube is now disconnected, and the bromine solution containing 
that part of the arsenic which has passed off as gas is rinsed out into a small 
(100 c.c.) beaker, the excess of bromine is gently boiled off, and tho clear 
colourless solution poured into the flask. About 0*5 gm. of zinc sulphide is 
now dropped into the iron solution and the contents are violently .shaken for 
about three minutes, by which time the whole of the arsenic will bo in the 
insoluble state, partly as sulphide, and partly as a black precipitate of possibly 
free arsenic and arsenide of iron. 

It has been found that violent agitation for a few minutes is (|Uite as efficacious 
in effecting the comploto separation of ar.senic sulphide as tlie method of 
passing a cufreut of COg through the solution to remove tho excess of hydrio 
sulphide, or allowing it to stand ton or twenty hours to settle out. 

The insoluble precipitate is now rapidly filtered through a smooth filter-paper, 
and tho flask is rinsed with cold distilled water. The precipitate usually does. 
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not adhere to the filter, and in such oases the paper is spread out flat upon 
a porcclaiu slab, and the arsenic compounds are rinsed off witlj.a flue jet of hot 
water into a small beaker. The precipitate is now dissolved in bromine water 
and a drop or two of HCl. 

The bromine solution now containing all the arsenic is gently boiled to expel 
the bromine, and it is then poured into a 10-ounce retort and distilled with 
ferrous chloride and hydrochloric acid. 

The apparatus used consists of an ordinary Liebig’s condeuscr, but the 
retort has its neck bent to an angle of about 160'’, and this is attached to tlio 
condenser, so that any iron raechanioally carried over may run back. By this 
device, the distillate will never contain more than tin' very sligbest trace of iron. 

The solution containing the arsenic having been run into tlie retort, tlie beaker 
is wa.shed out and tlio washings are also poured in. If the solution is much 
above 20 c.c. in bulk, it l.s advisable to add a strong solution of ferrous cblondc 
containing about 0'5 gm. of iron in the ferrous state, and for tins purpose 
nothing answers so well as a portion of the steel solution remaining after 
separating the arsenic, which is first v(jill boiled to free it from liydnc sulplude, 

* and should contain about 10 per cent, of soluble iron as ferrous clilotide. 6 c.c. 
of this solution will contain the necessary amount of iron to add to tiie retort. 
After adding the chloride, it is best to boil down tlio stilution to about 20 c.c. 
before adding any HCi, taking care, of course, to collect the hijuid that distils over. 
When tho necessary concentration has been effected, 20 c.c. of strong HCl are 
nm iu, and the distillation is contmiiod till all excepting about 10 c.c. lias pas.sed 
over. A furtlier quantity of 20 e.c. mixed with 5 c.c. of water is run in, and 
this ns all distilled over. At this point, as a rule, ail the arsenic will have passed 
into the thstillabo, but it is advisable to make quite certain, and to add a third 
portion of acid and water, and to distil it over. If the distillation lias not been 
forced, the distillate will be quite colourless. The arsenic in the distillate will 
exist as arscuious tlilonde, accompanied with a large excess of hydrochloric acid. 
A drop of litmus is put into this solution, and strong ammonia is nin in until 
alkaline. It is now made slightly acid witii a few drops of HCl, and a slight 
excess of solid bicarbonate of soda is dropped iu. The contents of the flask are 
now cooled by a stream of water, and, after adding a clear solution of starcli, tlie 
standard iodino solution is nm iu from a burette till a deep permaucut blue 
coloration is produced. 

If the steel or iron contains much arsenic, a smaller quantity, say, 1 or 2 gm., 
may be dissolved in uitnc acid of 1 '20 specific gravity and the solution evaporated 
to dryness, the residue being dissolved in liydrochlonc acid, and the solution 
transferred to the retort, and distilled directly with feri’ous cliloride and hydro- 
cljloric acid, care being taken that the distillation is not forced, so as to avoid any 
of the iron solution passing over into tlie distillate. 

Method ok Procedure for Pig-Iron : In testing pig-irons, tlioy may he 
dissolved in nitric acid and evaporated to^drynoss, or bo treat<“d in a llask with 
HCl exactly in the manner described above; but it is advi.sable, if the latter 
method is adopted, after treating the voluminous mass of silica and grapliite, etc,, 
witli bromine and hydrochloric acid, to filter off tlie insoluhlo matter and distil 
the clear solution. 

Method op Puocedurk kor Iron Ore.s : In testing ores, it is only necessary 
to place the powdered ore directly into the retort, and distil rt once with HCl and 
ferrous chloride, taking care to place a few small pieces of binkon pipe-stems 
also in the vessel, to avoid bumping. , 

If the ore contains much manganese, it is advisable to dissolve it in a separate 
vessel to liberate and expel the chlorine, and then to transfer it into the retort. 

The time taken to test iron or stool need not exceed two liours, and for iron or 
other ores not much more than half an hour. 
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It is quite possible accurately to determine as small a quantity as 0*002 per 
cent, of arsenic this method. 

When dissolving steels in dilute HCI, if tliere is no rust on the sample or 
ferric chloride jircsent in the acid, and the presence of air is carefully avoided, 
as a rule only about one-tenth of the total arsenic present passes olT with the gas. 

A voiy siniph* hikI .'u^curato metliod of determining a small amount 
of arsonii- wlu'ii it exists in tlic form of freshly precipitated sulphide Is 
suggested liy !'\ 1 * 1 a t i e n.* It eoiisists in simply boiling the sulpliide 
with pure water for a jicriod of from 1 to 3 hours, or until the liquid is 
quite colourless, and all the lf,,Sdissipated. 'I’hearsenic wnll then^)xist 
wholly as As./)(, and may he titrated direct with ^/loo iodine, and a slight 
amount of sodium hicarhonate as usual. 

Both this and tS t e a d ’ s method have been proved to give identical 
results, when carried out by separate skilled operators on the same 
samp!(‘s of nialmial.' 

7 . ritration by Potassium Bromate (0 y b ry). 

See under Antimony, p. 100. 

8 . Titration by Potassium lodate (Andrews). 

See p. 13B (Apjilicable to Antimony).^ 

2Ah(:b I KK), nil,0 - 2IT,AsO, + KOI + 1(3 + 4I1GI 

Add to the uiscuuous suluiion an amount of strong Iiyilroehlorie 
acid sudicHMit to make the ac'idity of the entire luixtuni at the end of 
the titration nut l(‘ss than 11 jier cent, of H(3, and nut more than 20 per 
cent. JK’l. Too little acidity fails to prevent the hydrolysis of tlie 
iodiiK^ monoehloride, whilst with an excess the reaction takes place too 
slowly. Ivlin in standard potassium iudate solution (alter thi^ addition 
of 5 e.c. of cliioroforni) rapidly at lirst, with constant shaking, tlicn 
slowly until tlie iodine coloration of the chloroform disajipcars and 
does not reapiiear afb'r standing for five minutes. 

1 c.e. deciiioianal iodatc solution - O-fiOOO gm. As^^ 

^ 0*(X)75 gm. As. • 

Since copper does not interfere, it is pos^ilde to titrate the arsenic 
direct in Tans Green, for exaiitple, and other arsonito preparations. 
Jamieson^ takes O-i.5 to 0-4 gm. of the sample, mixeil with 30 e.c. of 
hydrochloric acid (sp. gr. 1 * 10 ), 20 c.e. of water and fi c.e. of chloroform, 
and titrates as above, using ”,'30 potassium iodate (3*507 gm. KlOj per 
litre). 

^ /., 1894 , 13 , m. 

^Beoalso A. II. Low, “Dctcrnuuatioiiof Aulimoiiyaud Arseuic mOrv.'i,” A. C. S., 
lOOfi, 28, aiifl Norton and Koch, “ Detenniuatiou of Arsenic and Antimony in 
the presence of Organic Matter,” ihU., 1905, 27,1247. 

^ Vide Jamieson, J. lad. atid Kmj. Clieai., 1911, 3, 250. 

1918 , 10 . 290 . 
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9. Determination of Arsenic in Org:anic Compounds* 

L i 111 c, Cah 0 n, and M 0 rgan,’ find the most satisfactory process 
tol)eHConibin}Uion of Pr i n gsh 0 i m ’ s‘'*met,liod of oxidation by sodinm 
peroxide and (i 00 ch and P ro w n i n g’s volumetric method.•'* 

Mktiioj> or pRoomx KK: gm. of tlm finely powilored sub¬ 

stance is mixe<l in a nickel crucible with 10-15 gm. of so<liiim carbonate 
and sodium peroxide in equal proportions, a portion of these reagents 
lieing sprca<l over tiie mixture. After heating gently for about 15 
minutes, the fusion is completed by beating to dull redness for 6 
niinfjtes. The contents of the crucilde are extracted witli water and 
rinse<l into a450 c.c. conical flask, treated with Ihe 25-31 c.(t. of sulphuric 
acid{l: 1), and the volume reduced b) 100 c.c. by boiling. One gm. of 
potassium iodi<ic is now added and the licjuid fnrth(‘r concentrated to 
40 c.c. After removing the last traces of iodine by means of a few drops 
of dilute sulpburous acid, the green solution is diluted with hot water 
and saturated with hydrogen sulphide. The arsenious sulphhie is col¬ 
lected, washed, dissolved in 20 c.c. of ^,'2 sodium hydroxide and treated 
with 30 c.c. of hydrogen peroxide (20vols.), the excess of tlic latter being 
destroyed by heating. A few drops of pheiiolphthalein are now a<lded, 
followed by 11 c.c. of sulphuric acid (1 : 1 ) and 1 gm. of potassium iodide. 
The solution is concentrated to 40 c.c., decolorize I wiih aiew<lropHo[ 
dilute sulphurous acid, diluted with cold water, neutralized with 2N- 
sodium hydroxide, and sliglitly acidulated v\ih sulphuric acid. Anil 
jier cent, solution of sodium phosphate (compare Washburn, ./. A. 
G. »S., 1908, 30, 31), is then addc<l, and the arsenite solution titrated with 
iodine and starch in the usual way. The volume of sodium phospliate 
solution added slioiild be about equal to that of ^'lo iodine re(|uircd in 
the titration. Campound- containing little or no oxygen require a i)ro- 
portionately larger quatilily of sodium peroxide for oxidation. When 
the arsenic compound contains iodine, sodium iodatc is formed on 
oxidation, and suHicicnt sulphurous acid must be added to the acidilied 
extract to reduce this salt to iodide. 

BARIUM. 


Ba 137*37. 

In a great numberof instances the determination of barium is simply 
the converse of the process for sulphurfc acid {(j.v.), using either a stand- 
anl solution of suiphurii; acid or a neutral sulphate in a known excess, 
and finding the amount by residuid titration. 

When barium can be separated as carbonate, the determination is 
made as on p. 73. 

Precipitation as Barium Chromate.— A decinormal solution of di¬ 
chromate for precipitation purposes must differ from tiiat used for oxida¬ 
tion purposes. In the present case the solution is made by dissolving 
7*37 gm. of pure potassium dichromate in water, and dilutiftgto 1 litre. 

hr. G S., 1909, 98,1477. M»i. Chnii. J.. 1901, 31, 386. 

3/1/;/. J. .Vft., 1890(3), 11, 66. 
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Method of Procedure ; Tho bariiini compound, which may con¬ 
tain alkalis, ni.'ij^nesia, strontia, and lime, is dissolved in a ;^ood ((uantity 
of water, ammonia free from carbonate added, luxated to (iO^ or 70'’C., 
and the standard dichromate added cautiously, with shaking, so long as 
the yellow precipitate of barium chromat<^ is formed, and until the clear 
supernatant liipiid possesses a faint yellow colour. 1 <‘.c '‘/w solution 
- 0-(K)t>87 gm. Pa. 

Titration of the Precipitate with Permanganate.— In this cas<! the 
l)recipitate of l)arium chromate is well washed, transferred to a flask, 
and niiKcd witli an cixccss of huTous ammonium sulphate ; the amount 
of ii’on oxidized by the chromic acid is then determined by residual 
titration with permanganate; the <juantity of iron changed to the ferric 
state multiplied by the factor 0'8187 Ba. 

Or th(‘ barium cin’omate may b<^ digostiul with HOI and KI, as men- 
tiomul 0 ) 11 >. 144. I r.t',. /jo thiosulidiatii - *0045711^^11. Ba. 

BaCi'O, + 2HC1 - BaCI, ff.CrO^ 

211,(h'O. + 121101 -f- OKI - okci + 20r0l, + 01., 

Method of Pkoceduue (J. Wa<l d 6 I 1).i—T o tho solution of the 
hariuni snit 20 per cent, ammonium acetate solution is adiled (10 c.c. to 
•ODc.c. (d a 0*2 per cent, solution of barium chloride) and the barium 
pr(‘cipitat(‘d bv ndding 15 c.(!. of a 10 per cent, solution of ammonium 
eiclirotnato (or potassium (diromate) to the boiling liqiii<l. The boiling 
]s (Mmtinued for a imiiule, and the flask cooled. The precipitate is col¬ 
lected on a Gooch filter and. after thoroughly washing with waUu*, is 
r<unoved, together with the :i,sl)e,stos, to a h(niker, and dissolved in a 
portion of a mixture of 25 (‘.e. strong hydroehlorie acid ami 75 c,(?. of 
cold water. Tlie contents of the beaker are transferrcii to tiie original 
flask with tlu^ nunainder of tho hydrochloric acid and the li(|uid made 
up to nBout 2(M) e.r. witli water. Add G gm. potassium iodide, and after 
ten minutes titrate the li))ei'ated iodine rapidly with thiosulplinte till near 
the cnd-poiid. A<ld starch, then thiosulphate cautiously until the blue 
tint has m^arlv dis;i])poared. Then add about Id c.c. of strong hydro¬ 
chloric aiud, warm to about blood-heat to hasten tiu! last .stages of tho 
reaction, and complete tho titration. Waddell found tliat 100,0(10 of 
wash-water dissoiveil 0-78 barium chromate, dilute ammonium acetate 
solution dissolving four times as much. ^ 

BISMUTH. 

Bi - 208. 

The determination of this metal or its compounds voluiuetrically 
has oc<*upie<l the attention of P a 11 i s o n M u i r, to whom wo are in¬ 
debted for several methods of gaining this end. Two of tlie best are 
given here, namely, (1) precipitation of the metal as basic oxalate, and 
titration with j>erinanganate; (2) precipitation as pho.sjhiate with ex¬ 
cess of standard sodium phosphate, and titration of that excess by 
stan<tard uranium acetate. 


Analyst, 1918, 43. 287. 
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I. Titration as Oxalate. , 

Normal bismuth oxalato, produced by adding exce^^s of oxalic acid to 
a nitric <acid solution of the rnctai, when sej)arHtcd by filtration, and 
boiled with successive (piantities of water three or four times, is trans¬ 
formed into basic oxalate. 

Mltiioi) of Pkoceduke: The solution containing bismuth must be 
free from hydrochloric acid, as the basic oxalate is readily soluble in 
that acid. A large excess of nitric acid must also be avoided. Oxalic 
acid 'must be added in considerable excess. If t!»e precipitate bo 
thoroughly shaken up with the liquid and the vessel is tlum set aside, 
the precipitate quickly settles, and the supernatant liquid may be poured 
off tlirough a filter in a very short time. If the pr(‘ci{)itato l )0 boile<l for 
five or ten minutes with successive quantities of about 50 c.c. of water, 
it is (juickly transformed into the l^asic salt. So soon as the supernatant 
‘ liquid ceases to sliow an acid reaction, the transformation is complete. 
It is well to employ a solution of permanganate so dilute that at least 
60 c.c. arc require<l for the titration ( /w strength sulficcs). The basic 
oxalate may be dissolved in dilute sulphuric acid in place of hvdrochloric; 
it is more soluble, however, in Ihe latter acid. If the solution contains 
lout little hydrochloric acid, tliero is no danger of chlorine being evolved 
during the [irocess of titration. 

In applying this process to the dctcrminalion of hisnmtli in a solu¬ 
tion containing other metals, it is necessary, if tlie solution contain 
substances caj)able of acting upon, or of being acted on by, permanganate, 
to separate the biMiiutli from the otlier nu'tals )jreseni. This is easily 
done by precipitating in a partially neutralized solution with niueli 
warm water and a little ammonium elilonde. The [irecipitate must be 
dissolved in nitric acid, and the liquid boiled down once or twice with 
addition of the same acid in order to expel all hydrochloric ;icid, Iiefore 
prct-ipitating as oxalate. Tiic ]i(|uid should contain just suflicumt nitric, 
acid to prevent precipitation of the basic nitrate i)efore oxalic acid is 
added, I molecule oxalic acid ('120'048) corre'^ponds to 1 atom bismuth 
(208). 

1 C.c. permanganate - -0104 gm. Bi. 

• A shorter method, hase<l on the same reactions, lias been arranged by 
Muir and K ol) b s.* In this case, liowevcr, the double oxalate of potas¬ 
sium and bismuth is the compound (rf)tainc<l, tlie exo(.’'^s of oxalate of 
potasli being determined residually. He is^has shown that when normal 
potassium oxalate is addc<l to a solution of bismuth nearly free from 
mineral acid, but containing acetic acid, a double salt of the formula 
Bis (O.jOj),,, KyC.Pj precipitated. In applying this proc(!Ss for the 
determination of bismuth in mixtures, it is necessary to separate the 
metal as oxychloride, and that it shoiiM he obtain kI in solution as 
nitrate with a small excess of nitric acid. Tins is done by eva|)orating 
off the greater part of the free acid, allowing just suflieiorU to remain 
that the bismuth may remain in solution while hot. A large excess of 


V. C. S., 1882, 41,1. 


'^Berichle, 1881. 14, 1172. 
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acetic acid is then added, it is made up to a definite measure, and an 
aliquot portion taken for titration. 

Tlio solution of nonnal potassium oxalate standanlizwl by perman¬ 
ganate must not be added in great excess It is well, therefore, to de¬ 
liver it into the bismuth liquid from a burette until the precipitation 
is .apparently completi!, thou .add a few extra c.c., and allow to remain 
for sojiic time with shaking. It is then filtered through a dry filter, a 
measured portion taken, and the residual oxalic acid found by pcrnian- 
ganate. 

For determining bismuth in ores the following method has Ijeen 
worked out by W a r w i c k and K y 1 e.^ 

One gm. of t!io finely powdered ore is evaporated to dryness with 6 or 10 c.c. 
of strong nitric acid , anotlicr 5 c.c. of acid and ‘25 c.c. of water are added, and 
the wliolo is diiuted to 100 c.c. Five gm. of ammonium oxalate or oxalic acid 
are introdnced, boiled for five minutes, allowed to .settle, and the supernatant 
li(]iii(l (iltcied off. Tlio precipitate is boiled twico with 50 c.c. of water, and the 
washings are passed througli the same paper. With an ordinary ten per cent, 
ore this treatment slioiild suffice to convert the bismuth oxalate into the basic 
salt; lint if the filtrate is still acid, boilmg must be repeated to neutrality. The 
proeipiLato on the paper is then dissolved in 2 to 5 c.c. of 1 : 1 HCl, receiving 
the liquid iii the beaker containing the hulk of the basic oxalate; this is warmed 
till entirely disBoivod, and then diluted to 250 c.c. with liot water. The solution 
iicutrali 2 cd uith ammonia, and tlio resulting precipitate taken up in 1:4 
adding a few c.c. in excos'^. Finally the liquid is titrated at between 70'* 
and JOO'G. with permanganate. A porinangauato solution in which 1 c.c. = 
0-010 gm. Fc will he equal to 0-0186 gm. bismuth; by diluting 100 c.c. of this 
with 86 e.c. of water a solution of permanganate will be obtained, of which 1 c.c 
should ofiual 0-010 gm. of bismutlu A permanganate solution 1 Q-OIO gm. 
Ic; found 0-01868 gm. Bi. 100 c.c. permanganate above -f 86 c.c. of water; 

I c.c. found . 0-01017 gm. Bi. Lead, iron, copper, zinc, ansenic, and tclluriuin 
do not interfere with the process. Caro must be taken to avoid using too little 
or too mm-h nitric acid. Uydroclilonc acid must not bo used to dissolve the ore. 
The results are aceiirato enough for all commercial work, and an analysis occupies 
little time. Tlio figures quoted show maximum errors of - 0 0082 and + 0-001 
gm. ill dctormmmg 0-5 gm. of bismuth m presence of lead, copper, zinc, iron, and 
arsenic. 


2 . Precipitation as Phosphate. 

Tho nnoossary standard solutions are- 

fa) Standard sodium phosphafc^ containing 35*8 gm. per litre. 


I c.(‘. - 0-0071 gm. P.,0, or 0-0208 gm. Bi. 

{h) Standard uranium acetate, corresponding volume for volume with 

the above, wnon titrated in tho presence of an approximately equal 
amount of sodium acetate and free acetic acid. 

Success depends very much upon identity of conditions, a.s is ex¬ 
plained under Phosphatc.s. 

Mktiku) OF Peooeduke : Tho bismuth to bo determined must bo 
ais.solved in Tiitric acid ; bases other than the alkalis and alkaline earths 
must bo absent. The absence of those acids which interfere with the 


1(7. W., 1897, 78 . 3. 
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determination of phosphoric acid by the uranium process (non-volatile, 
and reducing organic acids, sulphuretted hydrogen, hydilodie acid, etc.) 
must be assured, As bismutli is re.adily separated from other metals, 
with the exception of antimony and tin, by additions of much warm 
water and a little ammonium chloride to feebly acid solutions, a separa¬ 
tion of the bismuth from those other metals which are present should 
preco(te the proces.s of determination. It alkalis or alkaline earths be 
alone present, the separation may bo dispensed with. The precipitated 
bismuth salt is to he washed, dissolved in a little strong nitric acid, and 
the folntion boiled down twice with aihlition of a little more nitric acid, 
in oriler to remove the whole of the hydrochloric acid pre^sent. 

Such a quantity of a tolerably concentrated solution of soilium 
acetate is added as shall ensure the neutralization of the nitric acid, and 
therefore the presence in the liquid of free acetic acid. If a precipitate 
form, a further addition of acetate must be imade. The lii|ui(l is 
heated to boiling; a measured Volume of the sodium phosphate solu¬ 
tion is run in ; the boiling is continued for a few- minutes ; the liquid is 
p.asse(l through a folded filter, the precipitate being washed rcp(!atedly 
with hot water ; and the excess of phosphoric acid is determined in the 
filtrate by titration with uranium. If the (ilterod liquid bn received in 
a me.asuring flask, whidi is subsequently filled to the mark with water, 
and if the inverted uranium method b(! then employed, the results are 
exceedingly .accurate. This method is especially to be, recommended in 
the determination of somewhat large quantities of bismuth, since it is 
possible that in such c.ises a large amount of sodium acetate wdl have 
been used, which, as is well known, has a considerably disturbing effect 
on the reaction of the indicator. 

If the bismuth solution contain a large excess of nitiie .acid, it is 
better to neutralize nearly with sodium carbonate before .addingsodium 
acetate and titrating. 

Fuller details of both tlie abovr; proeesstis are contained in ./. f. N., 
1877 (p. 074) and 1878 (p. 70). 


BROMINE. 

Hr = 79-92. 

This element, or its unoxidized compounds, can be determined in 
precisely tlio same way as chlorine by "/u silver solution (p. 140), or by 
thiocyanate (p. l.aO), but tliose inetliods arc seldom of any avail, since 
the absence of cliloriiic or its eombinations is a necessary condition of 
accnr,acy. 

Bromine in aqueous solution, or as gas, may bo determined by ab¬ 
sorption with solution of potassium iodide, in many cases by mere 
digestion, and in other cases by distillation, in any of the forms of ap¬ 
paratus given on p. 140 et si'q., and the operation is carried^out precisely 
as for chlorine (p. 184). 1 cq. I 1 eq. Br, or 

1 found X 0-6297 =• Br, (log. T-7991.3). 
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A process for the determination of bromine in presence of chlorine is 
still much wanted in the examination of kelp liquors, etc. Hci nc^ uses 
a colour method in which the bromine is liberated by free chlorine, ab¬ 
sorbed by ether, and the colour compared with an ethereal solution of 
bromine of known strength. F e h 1 i n g states that with care the pro¬ 
cess gives fairly accurate results. Jt is, of course, nc^-essary to have an 
approximate knowledge of the amount of bromine present in any given 
solution. 

lieiman adopts tlic following method, which gives tolerably ac¬ 
curate results, but requires skill and practice. 

Tho neutral bromine solution is placed in a stoppered vessel, together with 
a globule of chloroform about tlie size of a hazel nut. Chlorine water of known 
strength is then added cautiously from u burette, protected from bright light, 
in sucli away as to ensure first the liberation of the bromine, wliich colours the 
chloroform orange yellow; then more chlorine water is added, until the yellowish 
white colour of chloride of bromine appears (KBr + CU = KOI I- BrCl). 

The operation maybe assisted by making a weak solution of potassium chro¬ 
mate, of the same colour as a solution of chloride of bromine in chloroform, to 
servo as a standard of comparison. 

The strength of the chlorine water is ascertained by potassium iodide and ^/iq 
thiosulphate. 2 eq. Cl -• 1 eq. Bi. 

In examining mother-liquors containing organic matter, they must bo evapor¬ 
ated to dryness in presence of free alkali, ignited, extracted with water; then 
neutralized with hydrochloric acid before titrating as above. 

Cavazzi^' gives a method wliich answers well for iletermining 
bromine in small quantity, when mixed with large proportions of alkali 
chlorides. It is based on the fact that, when such a mixture is heated 
to 100*’C. with barium peroxide and sulphuric acid, the whole of tho 
bromine is liberated with a more trace of chlorine; tho bromine so 
evolved is absorbed in any convenient apparatus, such as lig. 35, 

The distillation is carried out in a 350 c.c. flask with double boied stopper; 
one boro carries an open tube reaching to tho bottom of tho flask, tho other the 
delivery tube which is connected with the U tubes. Tho first U tube is empty ; 
tho second contains 20 c.c. of a standard solution of arsenious acid in hydrochloric 
acid, containing O'OOo gm. As^Oj in each c.c.,and is connocted with an aspirator 
or water pump. Tho apparatus is so arranged that the flask and empty U tube 
are iminorsed in boiling water, the vapours of H 3 O 3 are thus decomposed, and tWe 
stream regulated by tho aspirator. 

The reagents used by the author are— 

Barium peroxide, containing 03 per cent. BaO.^. 

Dilute sulphuric acid 1 : 2 . 

Arsenious acid dissolved in dilute liydroohloric acid, 5 gm. of pure As^O, per 
litre. 

Standard permanganate, 3'55 gm. per litre. 

It was found that the relative strengths of tho arsenie and permanganate 
solutions, when titrated together, diluted, and boiling, were, 18‘2 c.c. of the latter 
to 20 c.c. of the former. Therefore 1 c.c. of permanganate by calculation a 
0*00388 gm. Br. 

^Jvurn. f. pmcl. Clu'iii., 36, 181. - Aniia/. d. Chem. v, Pharm., 115, 140. 

^ Chilli /M., IS, 174. 
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The author found that treating 2 gm. of KCl in the apparatus, without bromine, 
always gave a faint trace of Cl, so that only 18 c.c. of pormangagato were required 
for the 20 c.c. of arsenic, instead of 18*2 c.c.; and this lie regards as a constant 
for that quantity of material. Tlie examples of analysis viritli from 0 05 to 0*2 gm. 
KBr, and all with the addition of 0‘2 c.c., are satisfactory. 

Norman McCulloch* has descriliod a motho<l, devised by 
himself, for the rapid and accurate determination of bromine, in 
presence of iodine or chlorine, in any of the ordinary commercial forms 
or chemical combinations free from oxidizing and reducing agents and 
metals forming bromides insoluble in liyilrochloric acid. Tlic author’s 
explanation of the principles upon wliioh the method is based is com¬ 
plicated and voluminous, and to tliis the reader is referred. I have not 
been able to verify the method, but as the author is known to have 
practical oxperienci?, as well as theoretical knowledge, a short summary 
is given here. 

Tlie solutions described by thd author are- - 

Standard permanganate, 3-19 gm. per litre ; 

Standard potassium iodide, 8-278 per litre. 

The solutions should agree volume for volume, but it is preferable to 
verify them by <lissolving 2-3 gm. of iodine in caustic so<la, in a 150 c.c. 
stoppered bottle, adding HCI m good excess, cooling, then adding the 
permanganate from a burette until nearly colourless. A little chloro¬ 
form as indicator is then added, and the permanganate cautiously run 
in, with shaking, until the violet colour of the iodine is discharged, 
owing to production of ICl, due to the reaction of Cl liberated by the 
permanganate from HCI. The iodine equivalent of the permanganate 
is calculated to bromine by the coeflieient x 0't)713 and each c.c. per¬ 
manganate should represent about 0-<K)4 gm. of Hr. 

The other reagents areChloroform, purified by adding some per¬ 
manganate, then HC! till the colour is discharged, tlien a little K1 and 
the I so liberated again discharged with permanganate, the cliloroform 
being finally washed free fi’om all acid ; 

A 3 per cent, solution of hydrocyanic acid, made by decomposing 
a solution of pure potassium cyanide with excess of HCI and adiling per¬ 
manganate till a faint pink colour remains. 40 gm. of KCN in 400 c.c. 
of water with 70 c.c. of HCI will give such a solution. Owing to its 
poisonous nature groat caution must bo used in making this solution, 
and to avoid as much as possible the evolution of hydrocyanic acid the tem¬ 
perature must be kept down by ice <y a freezing mixture of nitre and 
sal ammoniac. If the cyanide contains, as is often the case, some 
alkali carbonate, this should be removed previously by BaCl.j, as other¬ 
wise COaWill be liberated and a loss of HCN occur. Finally the coo) 
solution is rendered faintly pink with some permanganate ; 

Solution of manganous clilorido, made by dissolving DOO gm. of 
MnCla, 4 H 3 O in 250 c.c. of warm water. This solution is used to pre¬ 
vent the liberation of free chlorine from the HCI in the analysis. 

Method of Procedure : The weighed bromide, containing from 0-05 to 
0-15 gm. of Br, is dissolved in 15 c.c. of water in a 150 c.c. stoppered bottle, and 

^ C. A., 1889, 60, 259. Hee also L. W. Win kler, trnyev'. 1915, 28, 477, 494. 
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about 30 c.c. of the manganese solution added; permanganate is then run in 
in excess of the ij^quired quantity, and the bottle cooled rapidly to 10'’ C. by ice 
or a freezing-mixture. When cooled, the bottle is shaken by a rotary motion, 
and about 15 c.c. of moderately strong IICl slowly added, with motion of the 
bottle to dissolve the manganic hydroxide, 2-4 c.c. of hydrocyanic solution are 
then delivered in, the bottle closed and returned to the cooling mixture for about 
half an liour. The liquid is then titrated with the standard potassium iodide, 
until nearly decolorized from the decomposition of the manganic chloride, and 
then sliglitly coloured from liberation of free I. Lastly, the slight excess of 
iodide is determined by adding a little chloroform, and tlio titration finished with 
permanganate. The bromine is calculated by taking the difference bctweqp the 
amounts of hromiuo, represented by total permanganate and iodide used. If 
iodine is present it is, of course, recorded as bromine, and its amount, if required, 
must bo ascertained by some other method capable of its determination in the 
presence of bromine. 

Tlu* iiiithor gives sovenil very good results obtained with pure sodium 
liromide. 

For the determination of bromine in mineral waters and brines, 
Baugh man and Skinner* li.avo developed a method proposal by 
Wy.ss. The solid residue of chlorides and bromides, from which the 
iodides have previously been removed, is treated with a concentrated 
solution of eliromie acid at the ordinary temperature. Bromine is 
libinated with only a trace of chlorine, most of wliich remains in solu¬ 
tion as ehromyl chloride. At tln^ same time a little ehlorobromido is 
formed, and is removed with the bromine by aspirating. The bromine 
is absorbed in potassium iodide solution. 

CADMIUM. 

Cd = 112-4. 

This metal may be determined, as may many others, by precipitating 
as sulphide and decomposing the sulplnde witli a ferric salt, the iron 
being hhIikmuI to the ferrous state in proportion to tlie amount of sulphide 
presinit. 

Follenius lias found that when (•admium is precipitated as sul- 
jihido m acid li(|uids the precipitate is apt to be contaminated to a snuill 
extent with salts other than sulphide. The si'paration as sulphide is best 
made by passing H.jS into the )\ot liipiid which contains the cadmium, 
and whk'h should he acidified with 10 per cent, of concentrated sulphuric 
acid by volume. From hyilroehloric acid solutions the metal is only 
completely separati'd by H.^S when the hob solution contains not more 
than 5 per cent, of acid of sp. gr. Ill, or 14 per cent, if the liquid is cold. 

Ferric chloride is to be preferred for the decomposition of tlic cad¬ 
mium suliiliide, and the titration is carried out precisely as in the case 
of Zinc (q.v.). 

B. VO ii^Be r g** gives a good technical process for the determination 
of either cadmium or zinc as sulphide, by means of iodine as follows 


^J. huL and Enij. Chem., 1919, 11,954. 
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Method ot Procedure : The washed sulphide of zinc or cadmium is 
allowed to drain upon the filter, and then transferred, together with the filter, to 
a stoppered flask containing 800 c.c. of water deprived of air by boiling and the 
passage of carbonic acid gas. The whole is well shaken in order to break up the 
precipitate and bring it into the most finely divided condition possible, so that the 
sulphide may not bo protected from the action of the iodine by separated sulphur. 
A moderate quantity of hydrochloric acid is added, there beiug no necessity to 
entirely dissolve the sulphide, and then an excess of iodine solution of known 
strength. The residual free iodine is then titrated with thiosulphate without 
loss of time. The whole operation, from cho transference of the sulphide to the 
flask to the final titration, occupies about five minutes, and gives results varying 
between 'JM-R and 100'2 per cent. The reaction proceeds according to the 
equation, ZnS + 2IIC1 + -= ZnCl^ + 2HI + S. 

CALCIUM. 

Ca' ~ 40-07. 


1 t‘.c. ** 'io penuanganate 0-0028035^111. UaO 

„ „ 0-0050035 gm. CaCOj 

,, „ 0-(H)8008fl gni. Ca8(h, 2ir,jO 

„ normal oxalic achl 0-02805 grn. CaO 

Oryijt. oxalic acid x 0*444 - CaO 

Ferrous ammonium sulphate x 007143 CaO 

The determination of ealeium alkalimetrically has alreaily been de¬ 
scribed ( p. 73), but that method is of limited application, unless calcium 
oxalate, in wliich form Ca is generally scqiarated from other bases, bo 
converted into carbonate or oxide by ignition, aii l tluis d**lerniincd with 
normal nitric acid and alkali. This and the following inothoil liy 
H e m p e 1 arc as exact in their results as the determination by w-eight; 
and where a series of determinations have to be made, the nu-tliod is very 
convenient. 

Titration with Permanganate.— The readiness witli wiiicli calcium 
can be separated as oxalate facilitates the use of tins method, so that it 
can be applied successfully in a great variety of instances, ft is not 
necessary here to enter into detail as to the method oi [U’ocipitatioii; 
except to say that it may take place in either animoniacal or weak acetic 
acid solution, and that it is absolutely necessary to remove all excess of 
ammonium oxalate from the pvccipilvatc by washing with warm water 
previous to titration. 

Method OF Fkoceduke: When the clean precipitate is obtaine<l, a 
hole is made in the filter, and the bulk of the precipitate is w-ashed 
through tlio funnel into a flask, the filter is then treated with small 
quantities of hot dilute sulphurie acid, and again washed into the flask. 
Hydrochloric acid in moderate quantity may safely bo used for the solu¬ 
tion of the oxalate, since there is not the danger of liberating free 
chlorine which exists in the case of iron (Fleischer, TUrirmelhode, 
p. 76), but sulphuric is lietter. 

When the precipitate is completely dissolved, the solution is freely 
diluted with water, and further acidified with sulphurie acid, warmed tg 
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60' or 70", and the standard permanganate cautiously delivered into the 
liquid with constant agitation until a taint permanent pink tinge is pro¬ 
duced, precisely as in the case of standardizing permanganate with 
oxalic acid (p. 1110). 

PitocEDiiuE FOR Lime in Blast Furnace Si.acs: Place about 1 gm. of 
the very linely-ground slag into a heaker, cover with water, and boil 
gently, then add gradually strong HCl until the whole is dissolved, in¬ 
cluding SiO... Dilute the liquid, nearly neutr.alize with ammonia, and 
add a solution of ammonium acetate. The silica and alumina form a 
docciilent precipitate which is easily washed on a filter. The liitjato 
and washings are concentrated somewhat, and the CaO precipitated with 
ammonium oxalate and ammonia ; the precipitate is dissolved as before 
described in hot dilute sulphuric acid, and titrated with permanganate. 
If much manganese is present, the caldum oxalate must be re-dissolved 
and rc-iircci|iitated before the titration is made. 

[nail cases where a clean ox.alate'precipitate can be obtained, such 
as mineral waters, manures, etc., very exact results are obtainable ; in 
fact, ((uite as a<-curate as by the gravimd.ric method. .\m[)le testimony 
on this point is given by F r e s c n i u s, .M o h r, II e m p e 1, and others. 
When much iron, alumina, magnesia, etc., is present, it will he prefer¬ 
able to rc-preei|iLtate I he oxalate, so as to free it from adhering contami¬ 
nations previous to titration. 

Indirect Titration. —In the case of calcium salts soluble in water 
and of tolerably [uire nature, the iletcrmination by permanganate can 
be made by adding lo the solution a measured excess of normal oxalic 
•acid, then ammonia in slight excess, and heating to boiling, so as rapidly 
to separate the precipitate. The mixture is then coiled, diluted to a 
measured volume, tiltered through a dry filter, and an aliquot portion 
titrated with periiianganate, after acidifying with sulphuric acid as usual. 
A great variety of calcium salts may be convcrteil into oxalales by a 
short or long treatment with oxalic ,acid orammoniuiu oxalate, including 
calcium sulphate, phosphate, tartrate, citrate, etc, 

CERIUM. 


tie - 140-25. 

Stoll)a' states that the moist cerium oxalate m.ay be titrated pre¬ 
cisely as in the case of calcium oxalate with permanganate, and with 
accurate results. No examples or details, however, arc given. It is 
probable that it is only correct in the case of the [Hire siihstance. 

This method has, however, been examined by V. E. B r o w n i n g and 
A. L y n c li,- who prepared the oxalate from pure cerium chloride by am¬ 
monium o.xal.atc. Definite volumes of the cerium solution, the exact 
strength of which was known (from O'l to 0 2 gm. of CeCI,.), were used for 
precipitation at a moderate temperature, some trials being made on 
neutral portitins and some on portions slightly acid with liui (in which 
case about 1 gm, of manganous sulphate was used). The preci[)itate, 

‘2 a. a, 1880, 1», 194, 


^ AmeTf Joiirn, >Scte)ic(t 8, No. 48. 
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after being carefully washed, was dissolved in about 10 c.c. of hot dilute 
H 2 SO 4 , and then made up to about 500 c.c. with hot watef at about 80° C. 
when the titration with permanganate was immediately made. The re¬ 
sults obtained were, both in the neutral and acid solutions, very near 
the amounts of cerium taken. 

Bunsen’s method, originated many years ago, showed that the 
oxide of cerium obtained by ignition of the oxalate might Ijc determined 
volumetrically by dissolving it in strong HCl with a few cry.stals of KI 
in a small sealed flask, wliich was heated on a water-bath till the oxide 
was dissolved and the free iodine hberated. The iodine was then titrated 
with thiosulphate in the usual way and tho amount of cerium calculated 
there from. 

1 c.c. ”/io thiosulphate ^ 0’017225 gin. CcO.^. 

A modification of this method was adopte<i with satisfactory results 
by B ro w n i n g, H a n f 0 r d, and .11 a 11, as follows :— 

Method of PaocEDURE : Weighed portions of the puro oeriuni dioxide, 
about 01 to 0‘15 gm., were placed in small glass-stoppercd bottles of about 
100 c.c. capacity, together with 1 gm. of potassium iodide free from iodabe and 
a few drops of water to dissolve tho iodide. A current of CO» was passed into 
the bottle for about five minutes to expel tho air, 10 c.c. of puro strong HCl 
were added, the .stopper iiisertea, and the bottle heated gently upon a steam 
radiator for about one hour, until tho dioxide dissolved completely and the iodine 
was set free. After cooling the bottle, to prevent loss of iodine upon removing 
tho stopper, tho contents wore carefully washed into about 400 c.c. of water, and 
titrated with **/io sodium thiosulpliatn to deter.nino the amount of iodine 
liberated according to the reaction— 

2 C 0 O 2 -I- BHCl + 2KT := 2 CGGI 3 + 2K01 4 - 4TT,0 + L. 

A few blank determinations were earned throiigli in the bottles without the 
cerium dioxide to determine tlie amount of iodine sot free imder these conditions. 
The amount obtained was uniformly equal to 0*04 c.c. of the *^/io thiosulphate 
solution, which was taken as tho correction and applied to all the detorminations. 

Determination In the Presence of other Rare Earths— G. von 
Knorre.^ This is based ou the fact that tho yellow ceric salts are reduced by 
hydrogen peroxide in the presence of free acid to colourless ccrous salts, as in the 
equation: 

. 2Ce(SO,).> + H..O 2 - Ce,(SO ,)3 - 1 - IISO, + 0,. 

The cold solution of the ceric salt i.s mixed with an excess of a dilute solution of 
hydrogen peroxide, of which tho strength is known, and when all colour has 
disappeared tho excess of peroxide is titrated back with penuanganate. 

If the permanganate be standardized on iron, the amount of cerium present 
may be expressed in terms of iron, 55’84 parts of the latter being equivalent to 
140*25 parts of cerium. It is advisable to use a dilute solution of permanganate 
(not more than 2 gm. of KMnO^ per litre). 

Notwithstanding liose ’ s statement that permanganati is slowly decolorized 
by a solution of cerous sulphate, the author finds that the end-reaction can be 
readily recognised. With a freshly-prepared acidified solution of a ceric salt the 
reduction takes place instantaneously, but if the solution has been exposed to 
the air for some time, as long as fifteen minutes may be necessary for complete 

G., 1897, 36,680-688. 
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decolorhation. The results obtained, however, in both cases are identical. By 
boiling an old solution after the addition of sulphuric acid, and cooling before 
adding the hydrogen peroxide, the rate of reduction is accelerated, and the 
reaction takes place almost as rapidly as in a freshly-proparcd solution. 

Either sulphuric or nitric acid may be used, but it is essential that the 
acidification shall take place before the addition of the hydrogen peroxide, since 
otherwise by-reactions occur and the results are too high. 

A method of G i b b s Ms modified by J o b * as follows 

A known volumo of the cerium solution is treated in the cold with peroxide 
of lead, and a large excess of concentrated nitric acid, in order to oxidize any 
ccrous salts present, then the mixture is agitated, filtered, and the filtrate titrated 
witfi dilute liydrogcn peroxide. The determination of cerium by this method 
may be carried out equally well in presence of thorium, lanthanum, and 
didymiiim, and should thus be of great use in directly determining cerium in 
tlie crude oxalates from monazite sand. 

CHLORfNE. 

01 - 35*40. 

1 e.c. /lo silver nitnite ^ 0*003540 gni. Cl. 

,, - 0*005840 jfiti. NnOl. 

The powerful affinity existing between ehlorinc and silver in solution, 
and the ready preeipitaliori of tin* resulting olilorido, R(‘em to liave led to 
the earliest important volumetric process in existence, viz., tlie assay of 
silver by I In* w('t mcithod of G a y-L u s s a e. 4'he details of the process 
are more partiinilarly di'serilied under the article relating to the assay 
of .Silver (q.v.); the determination of chlonne is just the converse of the 
proei^ss tliere doscriixal, and the same precautions, and to a certain ex¬ 
tent the same apparatus, are reijuired. 

The solutions required, liowovor, are systematic, and for exactness 
and convenient dilution are of decinormal strength as deserilied on p. 14G. 
In many cases it is advisable to possess also ceiitinormal solutions, made 
by diluting KX) e.c. of /lo solution to 1 litre. 

1. Direct Precipitation with /jo Silver Nitrate (O a y-L u ssac). 

Very weak solutions of chlorides, such as good drinking waters, <ire 
not easily oxaminetl for chlorine by direct precipitation, unless they are 
considerably concentrated by evaporation previous to treatment, owing 
to the fact that, mihws a tolm’ablc quantity of chloride (;aii bo formed, it 
will not collect together and separate so as to leave the liquid clear 
enough to lell whetlier on the addition of fresh silver, a distinct forma¬ 
tion of chloride oianirs. The best effects are produced when the mixture 
contains chlorine equal to from IJ to 2 gm. of salt per 100 e.c. IShouid 
the proportion be much less than this, the difficulty of precipitation may 
be overcome by adding a quantity of freshly precipitated cldoride, made 
by mixinjij (‘qual volumes of **/io salt and silver solutions, shaking vigor¬ 
ously, pouring off the clear liquid, and adding the chloride to the 


a. (!., 1864, 3, ‘6%. 
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mixture under titration. The best vessel to use for the trial is a well 
stoppered round white bottle, holding from 100 to 150 e./*., and fitting 
into a paper ease, so as to prevent access of strong light dui*ing the titra¬ 
tion. Supposing, for instance, a neutral solution of potassium chloride 
requires titration, 20 or 30 c.c. are measured into tlio shaking bottle, a 
few drops of strong nitric acid added (free acid must always be present 
in direct precipitation), and a round number of c.c. of silver solution 
added from the hurett(^ Tlie bottle is placed in its case (or may be en¬ 
veloped in a dark cloth) and vigorously shaken for half a minute, then 
uncovered, and gently tai)ped upon a table or ])ook, so as to start the 
chlorMe downward from the surface of the liquid where it often swims. 
A quick clarification indicates excess of silver. The nearer tho point of 
exact counterbalance the more difficult to obtain a clear solution by 
shaking, but a little practice soon accustoms the eye to distinguisli the 
faintest precipitate. 

In case of ovcrstei>ping the balance in any trial, it is only necessary 
‘ to add to tho Iiqui<l under titration a definite volume of salt solution, 
and finish the titration in the same liquid, deducting, of course, the 
same numl>er of c.c. of silver as 1ms hcen added of salt solution. 

Fuller details and precautions arc given under Silver. 


2 . Precipitation by ^/lo Silver in Neutral Solution with Chromate 
Indicator (see p. 147). 

3. Titration with Silver and Thiocyanate (see p. 150). 

Tliis method gives very accurate results if, aftcu- Mic chlorine is [)re- 
cipitated with e.voss of ^,'10 silver, the silver chloride is filtcr<*d off, 
washed well, and the filtrate and washings titrated with thiocyanate 
for the excess of silver. 

Mkthod of Pkoceduke : The mat(!rial to be titrated, such as water 
residues, beer ash, or other substances in which tho chlorine is to be 
determined, being brought into clear solution, a known volume of 
silver in excess is added, the mixture having ))ecn previously acidified 
with nitric acid ; the mixture is well stirred, and the supernatant liquid 
filtered off tlirough a small filter, the chloride well washed, and to tho 
filtrate and washings 5 c.c. of ferric indicator (p. 151) and the s.ame 
volume of nitiie acid (p. 152) ani adile<l. The flask is then brought 
under the thiocyanate burette, and the solution delivered in with a con¬ 
stant gentle movement of the li(iuid until a permanent light-brown 
colour appears. If the silver chloride is not removed from the liquid 
previous to titration a serious error may result, owing to the ready solu¬ 
bility of the chloride in the thiocyanate solution. 

4 . By Distillation and Titration with Thiosulphate or Arsenlte. 

In cases whore chlorine is evolved directly in the gaseous form or as 
the representative of some other body (see p. 140), a very useful absorp¬ 
tion apparatus is shown in fig. 35. T)ie little flask a is used as a distil- 
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ling vessel, connected with the bulb tubes by an india-rubber joint; ^ the 
stoppers for tlnj tubes are also of the same material, the whole of which 
should be cleansed from sulphur by boiling in weak alkali. A fragment 
of solid magnesite may with advantage be added to the acid li(|uid in 
the distilling flask ; in all other respects the process Is conducted exactly 
as is described on p. 140 et .w/. 

This apparatus is e(|ually w^ell adapted to the absorption of ammonia 
or other gases, and possesses the great recommendation that there is 
scarcely a possibility of regurgitation. 

Mohr’s apparatus (lig. 30), is also serviceable for this method. 

CHLORINE QAS AND BLEACHING COMPOUNDS. 

1 c.c, ^'10 sodium arsenitc or thiosulphate solution = 0’00354G gin. Cl. 

1 litre of clilorineat 0" C., and 7G0 mm., weighs 3’219l gm. 

(bii.oHiNE water may be titrated with thiosulphate by adding a 
measured quantity of it to a solution of potassium iodide, then <le!ivcring 
the Ihiosnlphate from a burette till the colour of tlie free iodine has dis¬ 
appeared ; or by using an excess of tlie reducing agent, tlien starch, 
and titrating residually with **/io io<l[ne. When arsenious solution is 
used for titration, the chlorine water is delivered into a solution of 
sodium bicarl)onaie, excess of arsenious solution added, then starch and 
”'io iedine till the i^oiour appears, or iodized starch-paper may bo used. 

Bleaching Powder.- -This important substance, wliieli is also called 
chloride of Ittiif’, is made by the action of chlorine gas on slaked lime. Its 
composition appoiirs to be best represented liy the formula Oa(OC!) Cl,* 
which is du(5 to 0 d 11 iig. When treated with water, it is resolved into 
calcium cliloride and hypochlorite, thus 

2(:a (OCl) Cl = CaCla - 1 - Ca (OCi)o, 

The calcium hypoclilorite constitutes the bleaching agent. 

Tln^ technical analysis is confined to the determination of the 
“available ” or “ bleaching” clilorine, which in England and America is 
always expressed as jiorcentage by weight on tlie bleaching powder. In 
Erance, however, its strength is given in Ga y - L u ssac degrees, which 
indicate the number of litres of chlorine gas, at O'" C. and 700 mm., 

' apalile of being evolved from one kilogram of blemibing powder. 

100 French Degrees = 31’78 per cent, chlorine. 

I. Titration by Arsenious Solution (Penot). 

The commercial valuation of bleaching powder (or “bleach”) is 
carried out as follows ;— 

The sample is well and (piickly mixed, and 7*092 gm. weighed, put 
into a mortar, a little water added, and the mixture rubbed to a smooth 

cream ; more water is then stirred in with the pestle, allowed to settle 

• 

^ India-rubhiT and esix’cially vulcanized rubber is open to some objecUou in these 
analynes, and apparatun is now readily to be had with glass connections. 

^Calcium chloro-hypoclilorite. 
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a little while, then poured off into a litre flask; the sediment again 
rubbed with water, poured off, and so on repeatedly, ui>ii! the whole of 
the sample has boon conveyed into the flask without loss, and the 
mortar washed quite clean. The flask is then filled to the mark with 
water, well shaken, and fiOc.c. of the milky liquid (= 0'3546 gni. bleach¬ 
ing powder) pipetted into a beaker, and the arsenious solution de¬ 
livered in from a burette until a drop of the mixture taken out with a 
glass rod and brought in contact with iodized starch-paper (p. 145) 
gives no blue stain. 

AJohr’s Modification.— The starch-paper may be dispensed with 
by adding arsenious solution in excess, then starch, and titrating residu- 
ally with ^/lo iodino tilt the blue colour appears. The numb<!r of c.c. 
of arsenite used gives percentage of available chlorine (35 per cent, avail¬ 
able chlorine is a common guarantee). 

2. Bunsen’s Method. 

10 or 20 c.c. of the chloride of lime solution, prepared as above, are 
measured into a beaker, and an excess of solution of potassium iodide 
added ; the mixture is then diluted somewhat, acidified with acetic acid, 
and the liberated iodine titrated with thiosulphate and starch ; 1 eq. 
iodine so found represents 1 cq. chlorino. 

The presence of chlorate does not affect the result wlien acetic acid 
is used. If it be desired to determine the amount of chIorat(^ in bleach, 
tlie following method has been devised byK. Fresenius. It depends 
on the fact that hypochlorites are <lccomposed by lead acetate with 
formation of lead peroxide, whilst the chlorate whii*h may l)e present 
is unaffected. 

Mkthod OK Procedure : 20gni. of bleaching powder are ground up 
with water in repeated quantities and made up to a litre ; after settling, 
50 c.c. 1 gm. of bleach) are filtered off through a dry filter, put into 
a flask, and mixed with a solution of lead acetate in some excess. There 
is formed at first a white precipitate of lead chloride and lead hydroxide ; 
these being acted on by the hypochlorite become first yellow, then 
brown, with liberation of chlorino and passing into lead peroxide. 
After the precipitate has settled, more lead solution is added, to make 
sure that the conversion is complete.. The mixture is allowed to stand 
in the open flask, w'ith frequent shaking, till all smell of clilorine has 
disappeared, which occurs in from eight to ten hours. The precipitate 
is then filtered off and washed till the wash-water is free from acid. 
The washings are evaporated somewhat, added to the filtrate, an<] the 
whole mixeil with sodium carbonate in slight excess, to precipitate the 
lead and lime as carbonates; these are well washed, the filtrate and 
washings, which contain the chlorate as the sodium salt, evaporated 
nearly to dryness, then transferred to either a F rest* n i u s or Mo hr 
apparatus (fig. 35 or 36) and distilled with HCl as directed on p. 140 «< 
seq. 1 eq. : I = ChOa. 

Mixtures of Chlorides, Hypochlorites, and Chlorates.— It is known 
that chlorine acting upon alkali and alkaline-earthy hydrates gives rise 
to chlorides, and at the same time to chlorates, or to hypochlorites, ac- 
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cording as the temperature and the concentration are higher or lower. 
Under avcragi conditions the three kinds of salts are formed simul¬ 
taneously. 

A mixture of the same salts is produced if solutions of sodium 
chloride arc submitted to electrolysis, according to the processes recently 
used for the manufacture of free chlorine and of causrfc soda, or of 
chlorates, or hypochlorites. 

In these various cases it is of great industrial importance to deter¬ 
mine easily the proportion of each of the salts present. 

For the analysis of such a mixture of salts, the subjoined nietl^od is 
recommended as at once expeditious and accurate. All tlio determina¬ 
tions are performed successively upon the same solution.^ 

Method of Puocedure : 1. The mixture of hypochlorite, clilorate, and 
chloride is poured into a beaker. There Is then run into it from a burette a standard 
solution of alkali arsenite until the hypochlorite is completely reduced. To 
find the exact moment wlien the reduction is completed, a drop of the liquid 
IS placed upon a porcelain plate in contact with a drop of solution of potassium 
iodide and starch. 

On tlio mixture of the two drops there appears a blue colour as long as there 
remains any hyimchlorite not reduced. As soon as the mixture ceases to become 
coloured, the volume of tlie arsenito liquid is noted, and the proportion of 
hypochlorite or hypochlorous acid which lias transformed it into arsenic acid 
is obtained ; or consequently, that of the corresponding oliloriue. 

As^O^ + CaCl.j(\ As.jOg + CaCh. 

or 

As,0, -i- iiNaClO - As/); + 2NaCl. 

2. The liquid (winch now contains merely chlorate and chlondo) is sliglitly 
acidified with sulphuric acid, and a ipiantity of auimonium-fcrrous sulphate 
added, at least twenty times as much as the chlorate supposed to bo present. 
Heat to aliout 100’, adding in small successive quantities 5 c.c. of sulphuric acid 
diluted with 15 c.c. of water. It is best to use a tap-funnel, letting the acid fall 
in drop by drop. After having stoppered the vessel, to avoid contact of air, it 
H allowed to cool for a short time, and the excess of ferrous salt is then titrated 
with ponnaugauato. AI the quantity of ferrous salt which was introduced is 
known, by di (Terence tlio quantity wiiicli has been peroxidized at the expense of 
the chlorate reduced to the state of chloride is found 

NaClOa -p GFeO = NaCl + Fe.,Oj. 

It is thus easy to calculate the proportion of chlorate or of chloric acid, or the 
corresponding quantity of chlorine, 

8. The total chlorine, wliich is now present entirely in the state of chloride, 
is determined as followsThe rose tint produced by tlic permanganate is 
removed by adding a trace of ferrous sulphate. Then add a measured volume of 
standard silver nitrate, more than enough to precipitate all the cliloriue, and 
determine the excess of the silver salt by means of standard thiocyanate (p. 151). 
The ferric salt previously formed by the peroxidation of the ferrous salt serves 
as an indicator, by producing a permanent red coloration as soon as there is 
no more sil^r salt to precipitate. The arsenic acid produced in the first operation 
does not interfere in the least. 


'A. Carnot, (Jompt. Hend., 189t), l22i 449. 
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In order to avoid the use of too large a quantity of silver nitrate, which 
would be necessary on account of the large proportion of ^chlorine to bo 
precipitated, an aliquot part of the solution may be taken. 

The chlorine found in the form of chloride in tlie original liquid is easily 
calculated by deducting from the total chlorine just determined the two 
quantities already found in the state of liypochlonte and of chlorate. 

The throe operations succeed each otlior without iuterruptiou, and without 
separate preparation, and are completed in a short time. 

In a number of experiments with mixtures, the discrepancies found between 
the experimental results and the calculated numbers rarely reached 1 mgm. when 
operating upon from 250 to 500 mgm. 

Mixtures of Chlorides, Chlorates, and Perchlorates.— A. Carnot.^ 
Perchlorates arc found with chlorides and chlorates in the products of the cal¬ 
cination of chlorates. Ilypocliloritos are only produced in the cold or by wet 
methods; but in such cases no perchlorates are formed, nor can the latter bo re- 
duced by the usual reagents in solution, direct application of heat being necessary 
to accomplisli this result. 

In analysing sucli mixtures, the chlorides and cliloratos are determined first by 
titrating one portion of the .solution for the chlorides by V o 1 hard’.s method, 
and the other part for the total chlorine after reduction of the chlorates by the 
aid of ferrous sulphate; or, as an alternative method, both titrations can bo 
performed on the same liquid, the chlorides first—with sodium arsenate as 
indicator in preference to potassium chromate, which would interfere with 
the subsequent reaction, and then the total chlorine after reduction of the 
chlorates. 

The perchlorates are determined by heating the powdered substance, mired 
with four or five times its weight of purified quartz-sand, m a platinum crucible, 
the mixture being covered iiy a layer of tlio same sand 1 or 2 cm. deep. The 
bottom of the crucible is kept at a red heat for about twenty to thirty minutes, 
and this is suflicieiit completely to reduce the chlorates and perchlorates, 
volatilization of the chloride being prevented by the condensing effect of the 
upper layer of sand. An aqueous solution is then made, the total chlorides 
titrated as before, and the perchlorate found by difference. 

Determination of Perchlorate In Chili Saltpetre.— Ahrens and 
H et t.^ 20 gm. of the powdered sample are introduced iutoaflat 200 o.c. piatimira 
dish, moistened with 2-3 c.c. of cold saturated caustic soda, 1 gm. of pure man¬ 
ganese dioxide added, and the whole evaporated to drjness; the dish is thou 
covered and heated to rednos.s. When cold, the fused mass is treated with 100 
c.c. of hot water, allowed to cool, and then made up to 250 c.c.; 50 c.c. of the 
filtrate are acidified with 10-15 c.c. of nitric acid of sp. gr. 1'20, and a solution of 
permanganate is added drop by drop until the colour is ponnanont for a minute, 
showing that all tlic nitrous acid has been oxidized. The chlorine is tlien deter¬ 
mined by Volhard’s process, and the difference between the amounts of 
chlorine found before and after fusion is calculated into perchlorate. Iodides 
present in the sample do not interfere, as they arc oxidized to lodates by the per¬ 
manganate. 

The lodimetric Determination of Chloric and Nitric Acids.— Tho 

following methods by McGowan* depend on the principle that w’hen 
a fairly concentrated solution of a nitrate or chlorate is warmed with an 
excess of pure, strong hydrocliloric acid, a nitrate is completely dccom- 

1 Compt. Reml, 1896.122, 452. a <1mi. CeMr., 1898, 2 , 558. 

V. a «, 530 and./. C. S., 1892, 61, 87. 
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posed, and the production of nitrosyl chloride and chlorine is quantita¬ 
tive, the reacWoii being 

HNOj + 3JIC1 - NOCI + G\, + 2H,0. 

If the operation is conducted in an atmospliere of carbonic acid, 
and ttie (scaping gases are passed through a solution of potassium 
iodide, an amount of iodine is liberated exactly ccpiivalent to the whole 
of the chlorim^tresents (free and combined), nitric oxide escaping. 1 
mol. of nitric acid thus yields 3 atoms of chlorine or iodine. The iodine 
can tlu'U be titrated in the usual manner with thiosulphate. With 
chlorates only chlorine is evolved. J) e K o n i n <* k and N i h o u give 
details of a process depending upon the same principle. 



Method op Phoceduke fob Nitrates : Ifc is, of course, absolutely essential 
that air should bo complotoly excluded from the apparatus as, if any were 
present, the escaping nitric oxide would be re-oxidized to nitrogen trioxido or 
tetroxido, and tliis would in its turn liberate a further quantity of iodine from 
the iodme solution. 

The apparatus required is very 3im|>lo, and can readily bo made by anyone 
moderately expert at glass-blowing. The main point to bo attended to is to 
have no corks or rubber stoppers, etc., for the escaping chlorine to act upon. 
Fig. 38 IS a sketch of the apparatus. The condensing arrangement for the chlorine 
docs its work perfectly, and may therefore bo used witli advantage, not only for 
this, but also for other similar methods in which iodine i.s set free. The 
measurements given are those of the apparatus as used by the author. 

is a small, round-bottomed flask, into the neck of which a glass stopper, 


Zeit. furaugew. CArwo, Ibth August, 1890. 



190 


CHLORIC AND NITRIC ACIDS. 


is accurately ground (witli fine emery and oil). The capacity of the bulb is 
about 46 C.C., and the length of the neck, from x to y, 90 mm. The first condenser 
is a simple tube, slightly enlarged at the foot into two small bulbs. The length 
from a to i IS 800 mm,, from 6 to « 180 mm., and from e to/30 mm. The 
capacity of the bulb B is 25 c.c., and the total capacity of the two bulbs aud tube, 
up to the top of C, 41 c.c. This condenser is immersed, up to the level of e, in 
a beaker of water. DisaGeisslcr bulb apparatus, and £ a chloride of calcium 
tube, filled with broken glass, which acts as a tower, ^ is a small funnel, attached 
by rubber and lip to the branch tube h. Between tlie tube i and the wash-bottle 
for the carbonic acid is placed a short piece of glass tubing, s, containing a strip 
of fiUer-paper, slightly moistened with iodide of starch solution. This tube s is 
really hardly necessary, as no chlorine escapes backwards if a moderate current 
of carbonic acid is kept passing, but it serves as a cheek. The joints i> and q 
are of narrow rubber tubing. The joint o is made by grinding one tube into the 
other, k is the outlet tube. 

Tlie operation is performed in the following manner:—The evolution flask is 
washed and thoroughly dried, aud the nitrate (say about 0'25 gm. of potassium 
nitrate) is dropped into it from the weighing tube. 1 to 2 c.c. of water are now 
added, and the bulb is gently warmed, so as to bring the nitrate into solution, 
after which the stopper of the flask is firmly inserted into it. About 15 c.c. 
of a solution of potassium iodide (I in 4) are run into the fir.st condensing tube, 
any iodide adliering to the upper portion of the tube being waslicd down 
with a little water, and 5 c.c. of the same solution, mixed with 8 to 10 c.c. of 
water, are sucked into the G e i s s I e r bulbs, whilst the glass in tower E is also 
thoroughly moistened with the iodide. Tlie Geissler bulbs should bo so 
arranged that gas only bubbles through the last of them, the liquid in tlie others 
remaining quiescent. 

All the joints having been made tight, the CO^ is turned on briskly, aud 
passed through the apparatus until a small tubeful collected at I, over caustic 
potash solution, shows that no appreciable amount of air is left in it. The small 
outlet tube I is now replaced by a chloride of calcium tube, filled with broken 
glass wliich has been moistened with the above iodide solution, aud closed by 
a cork through which an outlet tube passes, the object of this “ trap ” tube being 
to prevent any air getting back into the apparatus; and the brisk current of 
COo IS continued for a minute or two longer, so as practically to expel all the air 
from this last tube. Tlie stream of gas is now stopped for an instant, and about 
15 c.c. of pure concentrated hydrochloric acid, free fiom chlorine, run into A 
through the funnel g (into the tube of which it is well to have run a few drops 
of water before beginning to expel the air from the apparatus), aud A is shaken 
80 as to mix its contents thoroughly. A slow current of COo is now turned on 
again (I to 2 bubbles through the wash-bottle per second), and A is gently 
warmed over a burner. It is a distinct advantage that the reaction does not 
begin until the mixed solutions are warmed, when the liquid becomes orange* 
coloured, the colour again disappearing after the nitrosyl chloride and chlorine 
have been expelled. The warming should bo very gentle at first, in order to 
make sure of the conversion of all the nitric acid, and also because the first 
escaping vapours are relatively very rich in chlorine; after which the liquid in 
A is briskly boiled. A very little practice enables the operator to judge as to the 
proper rate of warming. When the volume of liquid in A has been reduced to 
about 7 c.c. (by which time it is again colourless), the stream of COj is 
slightly quickened, and the apparatus allowed to cool down a little. The burner 
is now set aside for a few minutes, and 2 c.c., or so, more of hydrochloric acid 
previously warmed in a test-tube, run in gently through g ; there is no fear 
either of the iodide solution running back, or of any bubbles of air escaping 
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through y, if this is done carefully. This is a precautionary measure, in case 
a trace of the lii)erated chlorine might have lodged in the comparatively cool 
liquid in tube k. The COj is once more turned on slowly, and the liquid in A is 
boiled again until it is reduped to about 5 c.c. It is now only necessary to allow 
the apparatus to cool down, passing CO^ all the time, after which the contents 
of the condensers are transferred to a flask and titrated with thiosulphate. At 
the end of a properly conducted experiment, the glass in the upper part of tower 
E should bo quite colourless, and there should only bo a mere trace of iodine 
showing in the lower part of the tower, while the liquid in the last bulb of the 
Geissler apparatus ought to bo only pale yellow. During tlie operation the 
stopper of A and the various joints can bo tested for tightness from time ty time 
by means of a piece of iodide of starch paper, and, before disjointing, it is well to 
test the escaping gas (say, at m) in tlio same way, to make sure tliat all nitric 
oxide has been thoroughly expelled. 

Example : U*2fi'>7 gm. of pure KNO 3 was taken. The liberated iodine required 
38*55 c.c. of thiosulphate (of which 1 c.c. = 0 000805 gra. KNOg) for conversion. 
This gave 0*20-23 gni, nitrate found, or 99*86 per cent. 

Method of Phockduub for Chlorates ; The apparatus employed is the same 
as for nitrates, but since it is unnecessary in this determination previously to 
expel the air present by a current of 00 ^, those tubes wliicli come after the 
tower E are dispensed with. Tlie details of tlie operation are also practically 
the same as in the case of a nitrate, only simpler. Comparatively dilute hydro¬ 
chloric acid may bo employed, and the COj is required merely to ensure a regular 
passage of t'le vapours through the iodine solution, and to prevent any ciilorine 
escaping backwards. This is tested, as before, by the small piece of iodide of 
starch paper in tube s, which should be so placed as never to get warm. 

The chlorate is weighed out into tlie dry evolution fla.sk A, then dissolved in 
8 to 10 c.c. of water, and, after all tho necessary connections have been made, 
8 to 10 c.c. of pure coucontrated hydrooliloric acid are run in through the funnel g. 
Since the reaction begins in the cold, the CO 3 must bo turned on immediately, 
and kept passing at tlie rate of about four bubbles per second. Care should be 
taken to heat very gently at first, until the bulk of the chlorine lias come over, 
after which the lamp flame may bo gradually turned up and tlie liquid boiled, 
exactly as in the case of the nitrate; this ensures that no chlorine escapes back¬ 
wards. And, as before, after all the chlorine has been apparently driven out, and 
the solution has become colourles.s, a second quantity of warm hydrocliloric acid 
(1 in 2 ) is run in, and the boiling repeated for a few minutes. 

Chlorates, lodates, and Bromates. 

*^1305 — 150*92. I3O3 — 303*84. BryOj = 239*84, Tlio compounds of 
chloric, iodic, and bromic anhydrides mny all be dctt;rmined by distilla¬ 
tion or digestion with excess of hydrochloric acid; with chlorates the 
quantity of aci<l must be considerably in excess. 

In each case 1 cq. of the respective anhydrides taken as monobasic, 
or their compounds, liberates 0 o<i. of chlorine, and consequently 6 cq. of 
iodine when decomposed in the digestion flask. In the case of distilla¬ 
tion, however, iodic and bromic acids only set free 4 eq. iodine, while 
lodous and bromous chlorides remain in the retort. In botli these cases 
digestion is preferable to distillation. 

Example : 0*2043 gm. pure potassium chlorate, equal to the sixth part of 
Tjrhir eq., was decomposed by digestion witli potassium iodide and strong hydro¬ 
chloric acid in the bottle shown in fig. 37. After the reaction was complete and 



192 


CHROMIUM. 


th« bottle cold, the stopper was removed and the contents washed out into 
a beaker, starch added, and 103 c.c. ^/lo thiosulphate deliiered in from the 
burette; then again 23*2 c.c. of iodine solution, to reproduce the blue 
colour; this latter was therefore equal to 2*3^5 c.c. iodine, which deducted 
from the 103 c.c. thiosulphate gave 100 G8 c.c., which multiplied by the factor 
0*002043, gave 0*2050 gm., instead of 0*2043 gm. 

CHROMIUM, 

Cr - 52. 

I, Reduction by Iron. 

The determination of chromates is voiy simply and successfully per¬ 
formed by the aid of ferrous suliiliate, biung the converse of the process 
devised by Pi; n n y for the determination of iron (sec p. 132). 

Method of pKocEDitKE: A very small beaker or other convenient 
vessid is partly or wholly filled, as may bo requisite, with pcrfiH'tly dry 
and granular ferrous ammonium sulphab^; tlie exact weiglit then taken 
and noted. The chromium compound is brought into solution, not too 
dilute, acidifii'd with sulphuric acid, and small quantities of the iron 
salt added from time to time with a dry spoon, taking <?arc that none 
is spilled, and stirring with a glass rod, until the mixliiro liecomes green 
and the iron is in excess, best shown by a small drop l>cing lirought in 
contact with a drop of potassium ferricyanidc, when, if a bliu* colour ap¬ 
pears at the point of contact, the iron is in i^xcess. It is m'cossary to 
determine this excess, which is most conveniently done by dicliromate 
being added until tlie blue colour produced by contact will) the indicator 
di.sappears. The ves.sel containing the iron salt is again weiglu’d, the loss 
noted ; the quantity of the salt represimled by the wdicliromate d(‘dueted 
from it, and the remainder iiiulti[)lied by the factor reipiired by tlie sub¬ 
stance sought. A freshly made standard ferrous solution, well acidi¬ 
fied with suipliuric acid, may be used in place of the dry salt. 

Exampi.e : 0*5 gm. pure potassium dichromate was taken for analysis, and to 
its acid solution 4*15 gm. ferrous ammonium sulpliato added. 3*3 c.c. of "/lo 
dichroinate were required to oxidize the excess of iron .salt; it was found that 
0*7 gm. of the salt = 17*85 c.c. dichromate, consequently 3'3 c.c. of the latter 
were equal to 01292 gm. iron salt; this deducted from the quantity originally used 
left 4*0201 gm., which multiplied by 0-1255 gave 0*504 gm. instead of 0*5 gm. 

In the case of lead chromate being determined in Ibis way, it is best 
to mix both the cliroinato and tlu^ ferrous salt together in a mortar, rubbing 
them to powder, adding hydrochloric acid, stirring vvidl together, tlien 
diluting with water anil titrating as before. Where pure ferrous am¬ 
monium sulphate is not at hand, a solution of iron wire in sulphuric acid, 
freshly made, and of ascertained strength, may be usi'd. 

2. Determination of Chromates by Distillation with Hydrochloric 
Acid. 

When chromates are boiled with an excess of strong hydrochloric acid 
in one of the apparatus (fig. 35 or 30), every 1 eq, of chromic acid 
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liberates 3 w]. clilorino. For instance, witli potassium dichromato the 
reaction may )»<* cxi)r<.‘ss(!(l as follows — 

Iv.Cr.O, H- UHCl = 2KC1 + Cr.Cl,, + 711,0 + 3CL 

If tlic lihiM-ated chlorine is conducted into a solution of polassium iodide, 
3 (!(|. of iodine an^ s(*t fre(‘, and (^iin bo dehimiined by arsenite or thio- 
snlphalc. 3 eq. of iodine so obtained {■= 380*70) represent 1 (mj. chromic 
acid ( - 100 . The same deeomposition takes place by iiiore di^^estion, as 
d(‘seril)ed on p:ij,n; 144. 


3. Chrome Iron Ore, Steel, etc. 

The on' varies in (piality, some samples bein^^ very rieh in chromium, 
while otiiei>. are vco’y poor. In all eases the sample is to Ih' fii-'-t of all 
hron^ht into I’xfirinrly fine powder. About a j(ram is rubbed tolerably 
liiK' in a ^teel mortar, then finislied fractionally in an jigiite mortar. 

C h r i s ( o 111 M n 0 s recoinnnmds that tin; coarse powder should be 
i^mited for a sliort time on platinnm previous to powderiu" with the 
a^nite inort.tr, afb'rlhat it should he sifb'd tliron^di the finest material 
that ean be used, and tin* coarser [tarfiele-' returned to the mortar for re- 
Srindino. 

Pre\ ioti'! to analysis it should be airain ijiiiited, and Ihe analysis made 
on tin* dry sami>h‘. 

O’Neill's Process.— Tlie very finely powdei-ed on; is fns<‘d with ten 
tinns its vveioht of potassium bisulphati* for twenty minub's, takinj.,^ eare 
that it <loes not rise; ov(!r Ihe ed^jc of the platinum crucible; when tlie 
fusion is roiiiplele, tin* molten mass is caused follow over the sides of 
the erncihle, so a,s to pnweiit the formation of a solid liinip, and the 
crneihh's(‘t aside to eool. The mass is transferred to a porcelain dish, 
and lixiviated with warm waler until entirely dissolveil (there must lie no 
black r(‘sidiie, otlu'iwise the ore is not. completely d(*eomposed); sodium 
carbonate istlien added to the liquid until it is strongly alkaline ; it is then 
Itronght on a lilb'i*, washed sli;^litly, and tin; filt(;r dried. When perfectly 
iiry, tlie |nvcipitale is didaclied from the filb'i' as much as [lossiblo ; the 
filter burned separately ; the filter a^h and precipitate mixed with about 
twelve time-i the weight of tlie onguuil ore of a mixture of two parts 
poiassium chlorate and three parts sodium carbonate, ami fused in a 
platinum erucible for twenty minutes or so; the resulting mass is then 
treated with boiling water, filtered, and tlie filtrate titrated for chromic 
acid as in (1). 

The ferric oxide remaining on the filter is litrated, if re<iuired, by any 
of the methoils deserilxMi umier Iron. 

Britton’s Process.— Reduce the mineral to tin* finest possible 
stale of division in an agate mortar. Weigh of! gm., and add to it 
4 gm. of flux, jireviousiy prepared, composed of one part potassium 
chlorate and threi' parts soda-lime; thoroughly mix the mass liy tritur¬ 
ating in a iioreclaiu mortar, and then ignite in a covered platinum cru¬ 
cible at a b1*ight-r(‘d heat for an hour and a liaif or more. Twenty 
minutes is suflleiont with the gas blowpipe. The mass will not fuse 
but when cold can be turned out of the crucible by a few gentle taps, 
13 
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leaving the interior of the vessel clean and bright. Triturate in the 
mortar again an<l transfer the powder to a tall beaker, add about 20 e.c. 
of hot water, and l)oil for two or three minutes ; when cold add 15 e.c. 
of IICI, and stir with a glass rod, till the solid matter, with tiie excep¬ 
tion probably of a little silica in flakes, l>ec<)mes dissolved. JJoth the 
iron and chromium will then be in the highest stateof oxhiation—Fe.^Os 
and Cr.^0,,. Pour the fluid into a white jiorcelain dish, and dilute with 
washings of the l)eal'er to about 100 c.c. Immediately after, add 
cautiously 1 gm. of metallic iron of known purity, or an eipilvalent 
quantity of ferrous ammonium sulpliab'previously dissolved in dilute 
siilpnurie acid, and furtlim* dilute with cold water to about 150 c.c. 
Titrate with {lermanganato the amount of ferrous oxide remaining. 
The difloreneo between tlie amount of iron found and of the iron 
weighed will be the amount oxidizi'd to si'sqiiioxide by the ciirornie 
acid. Every one part so oxMized will represent O’lliolio of Or or 
0‘45050 of Oi’oO.i, in which last coiulitiori the sii})staiice usually exists 
in the ore,. 

If the amount of iron only in the ore is to be determined, the process 
is still shorter. Alter tlie fluxed mineral lias been ignited and reduced 
to powder as already directed, dissolve it liy adiling first, 10 e.c. of hot 
water and a[)plying a gentle heat, and tlien 15 c.e. of 1101, <iontinning 
the heat to incipient lioiling till complete ileeomposition lias been 
eflected ; cool by immcisiiig the tulie in a hath of cold water, add pieces 
of pure metallic znii* sufllcicmt to bring the iron to the condition of 
protoxide and tin' ehromiiim to sesquioxide, ami apply heat til! small 
bubbles of hydregen cease and tin* zinc has l^eeome quite dissolved ; 
then nearly fill the tube with cold water, acidnlate<l with oiic-lonth of 
sulphuric acid, and pour fhe contents into tlie porcelain <lish, add cohf 
water to make up the volume to about 25f)r.c., and titr.ite with stamiard 
permanganate or dicliromato. 

Sell’s Process. —Tlii-' melhod* is carried out by first fusing the 
finely ground ore with a mixture of sodium hisulphate and fluoride in 
the projiortion of I mol. lu^uljiliate and 2 mol. tlnonde, and subsequent 
titration of the chromic acid by standard thiosulphate and iodine. 

From O’l to 0’5 gm. of tlic ore is placiMl on the top of ten times its 
weight of the above-mentioned mixture in a large platinum crucible, 
and ignited for fifteen minutes; an eipial weight of sodium bisulphate 
is then adde*!, and well incorporated by fusion and stirring with a 
platinum wire ; then a furtlier like <|uaiitity of bisnlpliate added in the 
same way. When complete decomposition has taken |)lace, the mass 
is boiled with water acidulated with sniphurie acid, and the solution 
diluted to a <lefinile volume according to the quantity of ore originally 
taken. 

To ensure the oxidation of all the chromium and iron previous to 
titration, a portion, or the whole, of the solution i? heated to boiling, and 
-permanganate added until a permanent red colour is produced. Sodium 
carbonate is then added in slight excess, and sufficient alcohol to 
destroy the excess of permanganate ; the manganese precipitate is then 


ij. C. .S'., 1879, p. 292. 
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filtered off, and the (dear solution titrated with %o thiosniphato and 
iodine. t 

Tlic author slates that th(^ analysis of an ore by this method may bo 
ae(*om|)Iish(‘d in oiu! hour and a liaif. 

I’or the oxidation of salts of chromium, the same autharity recom¬ 
mends boilin}; with ]K)tash or sodium carbonate (to whndi a small 
(piantity of hydro;;(!n pi'roxide is added) for fifteen mijHit(*s. 

For the pndiminary fusion and oxidation of chrome iron ore, 
D i 11 rii a r recommends a mixture of two parts borax },da.ss and one ami 
a lialf paid each of so<!ium and potassium carbonates. Tlu'sii are filled 
to|,"ether in a platinum crucible until all effervescence eeas(‘s, then 
ponrcii into a larj:-!! platinum basin or upon a <dean iron plate to cool, 
iirokeii up. and preserved for use. 

Ten [rirls of this mixture are usc<l for one part of (diromc ore, .and 
the fu-ji'jM made in a platinum crucihle, cIosihI for the first five minnt<‘s, 
tluMi open for about forty minutes, frecpiently stirring willi a jilatinum 
wire, and ii'-ing a powawtul B u n s o n fiame. 'I’he gas blowpipes hastens 
jhi< mclhod (•onsideraJ)ly. 

' The :il)ove <|esrnl)e<l methods of tixaiding the or<‘s (d’ chromium so as 
to o])tain coniplel(‘ decompo-ition are apjiarently now superseded to a 
great exlciit by the iis(‘ of •-odium peroxide, but tin* action of this reagent 
upon platinum, gold, silver, nick<'l, or porcidain is so energetic that its 
ns(‘ rci|Liires grout care. i\fanv well-known authorities on llie analysis 
of chroim* <n‘es use a liasic mixture smdi as was first sugge^tcd by 
(Mark, Imf modilied by Stea<l, i.e. magnesia or lime four parts, 
potasMum and sodium carbonades of each one [larl. C lark’s original 
mixture of magnesia and eauslic soda acts on platinum, but 8 t e a<i ’ s 
mi\tnr(^ docs not. 

Tlie fusinji made by mixing the verv finely groiiml sample with ten 
times its weight <if Die basic mixtiin* in a jiIaMiuim crneible, and lieat- 
ing to bright redness at the back of a. gas mullle for about an lionr. 
When Die i ruciljh* is removed and cool the mass is found sintered 
iogetlie.r. It is removed to a l»e.i,ker, and the crucible waslie<l out with 
wader a.nd dilute sulphune acid. The <leeoniposilion is giMuu’ally com* 
phde, lull il a.iiy bhude specks ari^ found tliiw must be sejiarafed by liltra- 
tioii. dried, and ayain fused with some of the ba-'ie mixfiin'; tinally th<^ 
whole IS mixed witli excess of ferrous salt, and the unoxjdiziai iron 
•itraied with dichroinale as before ilescribod. 

Kideal ami Rosen bin in' give a series of experiments on the 
(h'terminatmn of chromium in ores, steels, etc., and on the use of 
sodium |HM<>\ide, wliicli latter they find has a most destrmaivc elleid on 
all kinds of vessels in whi<di Die decomposition is made. Nickel seems 
the best nialeriai if not exjinsod to too high a temperature, but tliey 
found also that a good (h'al of nickel was dissolved from the eiiicihles 
by the sutphiirie acid use<l to dissolve the melt, and they Ihercfore 
attach gri'at importance to tlie liltration of the aipieons solution of the 
melt, so as to remove nickel and iron oxides, which otherwise interfere 
with the tili?iti()n by masking Die colour of the irniicator. 


J./. .S'. A, 1895, 14 ,1017. 
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Rid(‘al and R ose n b I u m ’ s exporimenfs appoar to show that 
sodium peroxide, if certain conditions be observed in iU use, is a very 
valuable reagent for the an<alysis of chrome ore, ferrochrome, and clirome 
steel, as it removes the two main defects of former imdluxls, viz., the 
necessity of repeated fusion to effect complete dccompositiiui and tlie 
inconveniimt .slowness of those processes. Tlie conditions wliich should 
be observed are summarized by them as follows 

(1) Great care should be taken to reduce the <‘hromc ore or the huTO- 
chroine to an almost impalpable powder. Tiiis can be done without 
niiicii difficulty if the ore or the alloy be crushed in a steel mortar until 
a powder is obtained whii'h will pass through a linen bag. This powder 
is then ground in an agate mortar to the required degree of fineness, a 
little water being added to facilitate the grinding. 

(2) 'Die water solution of the melt, before aeidulation, must be freed 
from an excess of sodium peroxide. Whenever sodium ferrate or '^odium 
manganatii is formed during the fusion it must be decomposed in tlie 
water solution of tlie melt. 

(3) A« th(^ result of the analysis depends to a Iarg(‘extent upon the 
titration, and c^peeially upon a clear perception of its final |)oint, it is 
important that the solution in wliich the clirome is to be detenninod 
shouhl be as free as po''Sil>le from oth(U’ mctalli(; salts, as for iiif^lani'e, 
iron, manganese, and nickel salts. We have also observe<l that the 
fcrricyani<le solution which is used as an indicator is ino^t snfisfadory 
when it eontains no more than I per cent, of ferricyanide. 

Ferrochrome, Chromium Steel, etc.— S p ii 11 er and IlriMiner’ 
descnljo an improved method which gi>’es better results than the 
previous method advocated by S puller and K a 1 rti a n. 

Method of rnocFjmRt: i-ok FKiumniKoMK; 0 35 grn. of ilii' liindy 
powdered sample, mixed in a siivc-r dish with 2gni. of <lry powdered 
sodium hydroxide and coxxocd with 4 gm. of sodium peroxide, is heated 
until tlie mixture begins to molt, when, as a eonseijiienco of tb,; strong 
ehemical action, the whole mass soon becomes liquotied. Tln‘ di.sh is 
then again heated for ten minutes over a iiowcrful liurner, and 5 gm. of 
sodium peroxi<le are cautiously added, stirring all the while with a silver 
spatula. After lioating for thirty minutes more, another 5 gm. of 
soiliiim peroxide are added and the heating continued for twiuity mimit(‘>^, 
when a final 5 gm. of the [x'roxide are added. 

Wlien cold, the silver basin is placed in a deep porcelain dish and 
filled with water; wlien the lixiviation is completed, whicli lakes a few 
minutes only, the silver dish is lifted out and well rinsed with hot water. 
A brisk current of CO.j is then passed through the liquid for half an hour, 
the wliole allowed to cool, transferred to a litre measure, and made 
up to the mark with wat(*r. After shaking and filtering, 250 c.c. are 
taken and the chromic acid titrated by a permanganate solution of 
which 1 c.c. equals about O’OOogrn. of iron, and a solution of ferrous 
ammonium sulphate containing 7 gra. of tlie salt in 500 c.c. The 
chromium solution is diluted with 1 litre of cold water wl,*ich has been 
previously boiled and aciilified with 20 c.c. of sulphuric acid (1 ; 5 by 
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Volume); loO c.c. of ferrous ammonium sulphate are added, and the 
mixture titrated back with permanganate. The strength of the ferrous 
solution is determined by a blank experiment under similar conditions. 
If the solution of the melt appears green, it is advisable to a<ld first a 
few c.c. of permanganate and then some more soilium peroxidi*, wlien a 
pure yedlow liipiid will be obtained. 

Mktiioi) of Pkocedcke fok Chrome Steel : 2 gm. of the sam[)Ie are 
<lissolvod in 20 c.c. of warm hydrochloric acid contained in a porcelain 
dish, 10 <‘.c. of dilute sulpiuirie acid (1 : 1) are added, and the whole 
evaporated to <lryness ; the residue is then transAu-red to asilvei^dish 
and lieated witli2gm. of sodium hydroxide and f) gm. of sodium peroxide, 
until the sulphates arc decomposed and tlie mass begins to cake. A 
strong Iicat is now applied and another 5 gm. of the peroxide added. 
When the ma'^s begins to fuse, it is well stirre<l with a silver spatula, and 
after twenty minutes aiiotliero gm. of p(‘roxide are added ; after another 
twimty minutes, when tlie oxidation is eompiete, a further addition of 
i) gin. of the soda is made and the mass is allowed to eool. 'I'ho melt is 
tlnm extraeh'd as in the former case, but the Iniuid is made up to 500 c.c. 
only, and 2.'>0 c.i‘. of the filter (- 1 gni. of sanijile) arc taken for the 
titration of the elironiinm. In this case, the authors prefer titrating ae- 
cording to Zulkowsk y’s method, i.e. the liquid is put iut(> a tall, 
^narrow Ix'akcr, mixed with 10 c.c. of a 10 percent, solution of potassium 
iodide, and aci<lifi<‘d with pure liydrochloric acid. To another beaker 
coiitaniing 20 c.(*. of a solution of potassium dichromati! (Od)OOgin. per 
litre , 1 c.c. - 0 OlM):!') gm. Or.), 2r)0 e.<'. of water are ad<lcd, then 10 c.<*. 
of a 10 j>er cent suhilion of potassium iodide and a little hydrochloric 
aciii. After being left for fifteen iniiuit(‘s in a dark place, boili Ii((uid9 
are titrated \\itli solution of sodium thiosulphate* containing 4 00 gm. of 
the salt per litre. The anumnt of chromium la'ing known in the one 
solution, the i|iiantity eontaiiied in the othi^r is readily calculated. 

Kidcal and Hoscnblum have obtained exci'llent results with 
ferrochromc l)y fusion with sodium peroxide alone. The manner of 
procedure was as follows 

About 0-5 gm. of a very tinely powdered ferroelironie was mixed with 
3 gm. of sodium peroxide and lieated very gently m a nickel crucible, 
until the mass began to melt, and then to glow by itself. The heating 
was then continued for ton minutes, and after the mass wais partially 
coule<l ] gm. of sodium peroxide w'as added and tlie luxating continued 
for another five minutes. 

The eruciiile, when still moderately warm, was placed in a suitable 
porcelain basin, wliich was then half filled with hot water and covered 
witli a clock glass. The melt easily dissolved in hot water, tlie solution 
obtained Ix'iiig of a deep purple colour, due to sodium ferrate, which is 
abuudautiy formed during the fusion. The solution also eonlained 
sodium manganate, resulting from the oxidation of the manganese which 
is present in ferroehroine. 

To decoiftpose both these salts a small quantity of sodium peroxide 
was a<lde(l, on which the solution immediately lost its purple colour. 
The solution w'as then boiled for ton minutes to decompose the excess of 
sodium peroxide, and the insoluble residue of iron, nickel, and manganese 
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oxide was filtered off. An oxeess of siilplmrio acid was then added to 
the solution, and after coolin^j; it • was titrated in tlio usual manner with 
permaui^anale. 

Rapid Methods for the Determination of Chromium in Iron and 
Steel.— (.i a 11) ra i t h ’s method, modified somewiiat l)y 8 tead.‘ 

'I’lie sample (2 j'm.)is dissolved iu 30 (‘.e. diliito sulphuric acid (J to 3), 
filterc'd, the solution <liluled to about 3<M| c.c and lu'ated to hniliiij;. 
Stronj,' solution of [)otassiuni perman{?anate is now abided until the tv<l 
colour is permanent for ten mimites, then 80 c.c. of 10 percent, hydro- 
chloKc acid, and the liquid heated until doi'olorizod ; 150 c.e. of water 
are added, about 100 c.e. boileit olT to o.\pel the chlorine, and the 
ehromium is then titr;it(‘<l with ferrous sulpliato and dicliromate as on 
j). 133. The residue iusoluhle in dilute sul[)iuin»; aciit is mixed with 
0-5 oni. of the basic mixture previously mentionc<l, and heated to intense 
redness for half an hour; the chromium is afterwaixls titrated in hydro¬ 
chloric acid solution with ferrous suljihate and ilicliromate. 

Another process consists in dissolving 2 gm. of the s.-imi'le in hydro¬ 
chloric acid ; without filtering, the Hejuid is nearly iieutralizcd with a 2 
per cent, solution of caustic .^oda, and, after diluting to 300 10 c.c. of 

a 5 per cent, solution of sodium phosphate and 30 gm. of sodium thio¬ 
sulphate are added. After boiling to expel the S(T, 20 c.c. of a '-aturated 
solution of sodium acetate are added, and the boiling continued for live 
minutes; the [ireeipitatcd chromium plios[iliale is tlum wasli<‘d with a 
2 per cent, solution of ammoninm nitrate, drie<l, calciiH'tl, and fused 
with the basic mixture. The rnclt, dissolved in 30 c.c. of liy<!rocliioric 
acid and loOc.c. of water, is boiled for ten minutes and titrated, The pro¬ 
cess may be u.sed in proscnceof vanadium. In this case, the chromium 
must be titrated by means of ferrous sulplia*e and perinaiigaiiale in 
presence of sulphuric acid. 

Gregory and McCallum's Method.'^— By tins method a determina¬ 
tion can be nuule in less than an liour. 0-2 gm. of tin' sample is dis¬ 
solved in as little nitric acid {T2 .sp. gr.) as jios'iible, tlie st)lntion (lilute<l 
to f)0 C.C., I gm. of silver nitrate ami 10 gm. of ammonium persulphate 
adchni, and the liquid boiled for 5 minutes. ()'20 gm. of ammonium 
chloride is added, i.e. snlficieiit to precipitate nearly all tlio silver as 
cliloride (the presence of silver nitrate ensures the alisence of free 
ciilorine), and the solution is again boiled, when any permanganic acid 
is decompo.sed, tlie manganese being partly precipitated as the hydrated 
peroxide, and partly converted into manganou.s ehlorhlc. After cooling 
and making up to a definite volume, an aliquot portion of the solution 
is titrated with ferrous sulphate and standard dicliromate solution in 
the usual manner. If the sample he free from manganese, the addition 
of ammonium chloride is omitted, but after the first boiling a few c.c. 
of a dilute solution of mnnganese sulphate are added. If any persul¬ 
phate remain iindecomposed a pink colour will be produced, which is 
just destroyed by the addition of hydrogen peroxide drop liy drop. The 
solution is again boiled, cooled, and titrated as above. • 

*./(-?//■. Jri’ti (iiol .SV(V’/ Iii'ilUnli’, 18113, l.'i3. 

‘KL <\ S., 1907, 91 . 1810. 
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Evans’s Colorimetric Method,' for Small Amounts of Chromium 
in Steel (uikIoi^O 05 per cent.), for Uic <letcmiin;i(ion of wliioli flio fore¬ 
going inetliods cannot be relied upon. 4 gm. of the sample are dissolved 
by lieating with 30 c.e. sulphuric acid (1 : 3) and 20 e.c. of water, 5 to 10 
c.c. of nitric acid are adde<l, and tlu! solution boiled to expel nitrous 
fumes. About 2.5 gm. of anuuotiium phosphate ani thou a<lded, and 
250 e.c. of water (and more nitric acid if ferric phos[)hatc separate.s), and 
the whole again luaitcd to ijoihng. To tin; boiling ii<|uid a saturated 
solution of potassium p(‘rmanganato. is added two or tliKais drops at a 
time till tiu're is an (^xces*^, as shown by a pernument pr<a-ipitate of 
manganese dioxide or by a pormauont red eolour, tlieu a furtlier excess 
of al)out 12 drop.', and the boiling contimu^d for 15 minutes. The whole 
of the liquid is at once poured, slowly and with constant shaking, into 
120 c.e. of 20 per eent. sodium hydroxide solution, which has previously 
been heated to Ixiiling for some minutes with excess of permanganate, 
and then treated with 10 e.c. of 5 per <'CMt. manganese sulphate solution. 
The resulting niixturo, if acid, is nnidered strongly alkaline with sodium 
hydroxide, <‘oole(l, acidilied strongly witli aeidie acid, diluted to 500 c.e., 
allowed to settle for a short time, then filtered through a dry filter, the 
lirst few e.c. being n'lecb'd. 100 e.c. of the filtrate are placed in one 
Nessler glass, and ratlKU h'ss than that volume of distilled water in 
another, 2(.) c.c. of suljiliuric aeid (1 ; 3) added to each, and ^/joodichromate 
solution run into the t)I;mk until tlu'colours inabdi, when the l>lank is 
made uji to lOOc.e. If nickel or cobalt be present, 100 c.c. of the lillrate 
arc heated to boiling, and s(kIiuiij hydroxide solution added until a 
precipitate sejiarates. The Hquul is cooled, (iltcred tiirough a small 
filter into a Nessler glass, acidified witli snljihuric acid, and tlie colori¬ 
metric determination made as above. 

e.e. of ”/ioo U'^ihI x '0217 - (tr |)er eent. 

lodimetric Determination of Chromic Acid.— H. T. S e ii l>e r t an<t 
Henke- hav<‘ devised a method whicli depends u|Hm the nactioii: 

+ OKI + 7lf.,S<)4 - 4K.,SO, -f -h 711,0 -s :U,. 

Under ordinary cii'iuimstances tlu'; action takes coiisideral)le time. The 
authors have made an oxhaustivi' investigation of its rate ot progress 
when the dilferent bodies are present in difteixmt quantities. Increasing 
the proportion of aei<l a<‘celerates the reliction more tliaii increasing the 
proportion of potassium ioduie does; dilution greatly retards it. The 
following are convenient proportions to use: Dicliromate, 0'05 gm. ; 
potassium ioihdo, 0f> gm.; sulphuric acid, 1-8 gm.; total volume, 100 
e.c. If less than 0'05 gm. of dichromate Im‘ [)resent,t)ie other quantities 
should still he kept the same. If there he more dichromate, the iodide 
and acid should be proportionately increased without adding more water, 
unless there be more than 0*25 gm. The reaction is complete in about 
six minute‘s The liquid should then be diluteil ami titrated with thio- 
sulpluite solution, using starch as indhaUor. 


Amlijst, 1921, 46, 38. 
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COBALT. 

Co = 58*07. 

Determination by Permanganate and Mercuric Oxide (C. W i n k 1 e r). 

Thk voluiiiotric d(.‘t(!rniiiuitiou of cobalt, especially in ti e [)rescnce 
of otlior metals, is not y('t very satisfactory. The jiietliod here men¬ 
tioned IS worthy of notice, and with an alteration suggested by JI. B. 
Harris* is capable of giving fair technical results. 'I'liis alteration 
consists in carrying out the titration in a hot solution instead of a cold 
one, as appears to have been <lone hy W inkier. If an aqin'oiis solu¬ 
tion of eobaltous chloride or sulphate be treated with an enmlsioii of 
preeipitat<«l mercurie oxide, no decomposition ensues; but on the ad¬ 
dition of perniangannte to tin* mixture, hydrabid rubaltic ami manganic 
o.xidcs arc precipitabnl, and the mercuric oxide is simply use<l to 
separati'mechanically th(‘ resulting oxi<les. It is probable that noilefinite 
equation ean he given for the reaction, and therefore j)raclically the 
working effect of the permanganate is l)est determineii ])y a standard 
solution of cobalt of known strength, say metallic cobalt <liss()]ved as 
chloride, or neutral eobaltous sulphate. 

MtJTiroi) OK Pkockdi'rk : The solution of about O-l to 0-2 gm. of the 
metal, free from any great excess of aeid is placed in a flask, diluted to 
aliout 2 ( 11 ) C.C., and a tolerable quantity of mercuric emulsion (jn-e- 
eipitated from the nitrate or perchlorate by alkali and waslx-d) addcil. 
i’ermanganate from a buretb; is then slowly added to the hot solution 
with eonstant shaking until the rose eoloir.’appears in tluM-lcju-liquid 
above the bulky brownish precipitab*. 

1’he appearance of the mixture is somewhat puzzling at the beginning, 
but as more permanganate is adde<l the precipitate settles more freely, 
and the end as it a[)proa<!hes is very easily distinguislied. Tin* process 
is complete when the rose colour is persistent for a minute or two; 
subsequent bleaching must not he regarded. 

The actual decomposition as lietwecn eobaltous (chloride and perman¬ 
ganate may be fornuilalcd thus- - 

(ICoCI,, 5HgO -h K.Mn.OH + H,0 - :iCo..(OH),. + 5Hg01,. 

-h 2KCi -h 2Mn()JI/) 

but as this exact decomposition cannot be depemlcd upon to tak(* place 
in all mixtures, it is not possible to accept systematic uiimb(U*s {^alciiiated 
from normal solutions. 

Solutions containing manganese, phospiioriis, arsenic, active 
chlorine, oxygen compounds, or organic matter, cannot be used in this 
method of determination ; moderate? (juantities of copper or lead are of 
no consequence. Nor is antimony when its quantity is <loubie or more 
that of the cobalt, but if less tlic results are too high. 

.A further modilieation of this metiiod was advocated by vo ii Hei s 
and W i g g e r t, and possesses tlie advantage of being easy and simple 
in execution. Very fair results were obtained by H. B. flarris on 
''trial at the same time as the examination of W i n k 1 e r ’ s method. 


.1. 1898, 20,'j73. 
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Method of Phoceduhe: The solution of cobalt is mixed with an 
emulsion of z4nc oxide and heated to boiling. A standard solution 
of permanganate is then added in known quantity, but more than 
enough to pi-ecipitate the oxidized cobalt. The latter precipitate settles 
to the bottom, the excess of permanganate is then found by titration 
with a standard solution of ferrous ammonium sulphate. 

a. L. Tay I o r* has experimented on Rose’s method of separating 
cobalt from nick<d. and has improved it by using a perfectly neutral 
solution instead of a strongly acid one as used by Rose; the latter 
ueutraliz(‘d the solution by ealeiurn or barium earbouate, l»ut tlie^COa 
so produced retarded or altogether slopped the precipitation of the cobalt 
oxide, liy Hie new ])rocess the r<!sult is that a dilute neutral solution 
of cobalt may bo (|uantitatively preeipitated by barium or calcium 
(;arbonat(* in presence of bromine water. If the lupiid from which tiie 
Coball i'< to I)e [irecipitated is acid, tlie aci<{ mii^t be nculralized by an 
(excess of c;irj)()natc au<l well b died to expel all the (’0.^, and then cooled 
l)efore th(‘ Itroniitic water is addl'd. Nta only CO.j but zinc also stops the 
preeipitation. 

'1 ho composition of the blaek oxide is not quite clear, but it is fairly 
constant in composition, and if dissolved with IKT and KI the amount 
is ascertaincil l)y titrating the liberateil iodine. The method lias been 
tested l)y .1 II. J) a v i d so u in the assay of cobalt orc's, and he (inds it 
niucli more'raiud r,bail tluMisual methods and suthi-ientiy accurate for 
assay purposes. 

For otliei mel boils for the detorniination of Cobalt, sei* under Nickel. 

COPPER. 

Cu — (»ivr»7. 

I c.e. *^/io solution 0-00G357 gm. Cu. 
iron ITIiS = Cu. 

Ferrous Ammoiimm suiplmte x OT022 = Cu. 

I. Reduction by (irape Sugar and Subsequent Titration with Ferric 
Chloride and Permanganate (Schwarz). 

Tiils jirocess is based upon tlie fact that grape sugar precipitates 
cuprous oxide from an alkaline solution of the metal containing tartaric 
a'-id ; tlie oxide so obtained i? collected and mixed with ferric chloride 
and hydrochloric acid. The result is the following di'composition :— 

Cii.O + Fe,CI« + 2HC1 - 2CuCI, + 2F(‘Cl2 + H/). 

Each eipiivilent of copper reduces one equivalent of h'lTic to ferrous 
chloride, which is determined by permanganate witli duo precaution. 
The iron so obtained is calculated into cojiper by the roipiisite factor. 

Mkthoi) ok I’rockdiiuk; The weighed substance is brouglit into 
solution by nitric or sulplinric acid or w'ater, in a porcelain dish or glass 
flask, and most of tlie acid in excess neutralized witli sodium carbonate; 
neutral potassium tartrate is then added in not too large quantity, and 

i r. iV., 1903, 88, lo4. 
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t)ie precipitate so produccl dissolved to a clear blue li((ui{i by adding 
caustic ]>ot:tsli or soda in excess; the vessel is next heattfd cautiously to 
about oO’t'. in tin* water bath, and siilHcient grape sugar addl'd to pre- 
cipitati' tlieco|iper presiuit ; the heatingis continueil until tiie jirecipitate 
is of a lu’igtit red colour, and tlu* uiipor liiptid is brownish at tin* edges 
fiauii till'action of tlu'alkali on tlu' sugar; tlii'tiuuperalui'c i.iust never 
exceed !M» (I Wlien the mixture lias somewhat cleared, the iijtiier liuid 
is poured titrough a moistened (liter, anil afterwartls the precipitate 
brouglit on the sanu', and washed with hot water till thoroughly ch'an ; 
tile preeipitate which may adlii'rc to the dish or ilask is well washed, and 
the Allei’ containing the bulk of the ju'otuxide put \\'ilh it, and an excess 
of solution of ferric cliloride (frci' from nitric acid or free; chlorine') added, 
togetiicr with a little sulphuric acid ; the wliole is then warmed and 
stirred until the cU]*rous eliloride is all dissolved. It is then liltercd into 
a goinl-sizi'd Ilask, the old and new filters being well washed witli hot 
water, to which at first a liltlc free sulphuric acid siiould be added, in 
order to be cei’iain of dissolving all tin* oxiilc in the folds of tiie paiM'i*. 
'llie entire solution is tlien titrated with pi'rmanganato m tlii' usual way. 
J)i''liromate may also be used, lait tlu* end of ihe reaction is net so distinct 
as usual, owing to tlic rurbidity produced by the presence of copjicr. 

A modification of this jiermanganatc mctliod, wliii'h gives very giHid 
tcelmical I'Csiills, has been devi^'ei! by R. K. Alcadc/ in wliicii Ihe 
eopjier is precipitati'd as (hiix-yanate. The author considers it superior in 
accuracy to Ihe iodide mcrliod ; but with Ihis I cannot agrei', except m 
certain cases. 

.Mi::thod of PaocKDruf-:: The coppi'r is brought into solution as a 
sul[ihate, either bv dissolving it in suiphiiric acid or by evaporation of its 
solution w'itii suljiliuric acid. The greater part of (he t’rei' acid is neutral¬ 
ized by ammonia, tiie solution warnii'd, sulphurous acid added unlil the 
solution smells strongly of the ri'agc'iit, a.n<l then a slight execsS of am¬ 
monium or potassium thiocyanate. Tlie copp(*r is iuimediatc'iy pre- 
cijiitafed as cujirons thiucyanab'. Stirring and wanning n'liders tlic 
precipitate la'avv and easily liandk'd. The solution is tilfen'd througli 
asbestos, using the pump, and well washed. Tiie precijiitab' and (ilti'r 
are thrown into the hcaker in whicli tlx' ja'i'cipitafion was made and 
heat(Ml with a solution of caustic soda or eaustic jiotash. Double decom- 
jiosition takes jilace. >I\(lrat<‘d eiqiroiis oxide and potassium or sodium 
thiocyanate result- • 

20uS(:X + 2KOH - OiVOIl), + 2Iv80N. 

The oxide is liltercd on asbestos and washed well with hot water. 
The procipilato and filter are again placed in the same beaker and an 
excess of ferric chloride or ferric sulphate (free from nitric acid, free 
chlorine, or ferrous salts), together with a little dilute sulphuric acid, 
added. The copper oxide reduces a corresponding amount of iron from 
the ferric to the ferrous condition— 

CU 2 O -F Fe.,CI« + 2HC1 2CuOb + 

The beaker is warmed and stirred until all the copper oxi<le is dis* 

*./. . 1 . (J. 1898, 20 , 610. 



COPPEH. 


203 


solved. The solution is then poured through a perfoi’ated platinum disc, 
and the ashestfts which remains behind upon it wasluMl with wnter, to 
which has beim added ;i. little snl[»hurie ;iei(l and a little teriK-chloride 
or sulphate. The solution is then titrated with ]ierrnangaiiate. The 
iron equivalimt to tin' permanganate used multiplied by 1‘IHH gives the 
weight of eoppt'r in the sample. 

I ustead of siilphui-oiis arid, ammonium or sodium bisuipliih* may he 
used to reduce the copper. A solution of equal weights ot sodium 
bisulpliite and potassium tliioeyanate answau's well as a reagent for the 
{in'cipitaiion of the metal. Since eopixM’ is the only nndal ])reeipit;ited 
by an alkali thiocyanate from an acid solution, the jtresein e of arsenic, 
antimony. Iiismutli, zin<-, and other eNmnmts which iimdi'r the electrolytic, 
th(! cyanide, and the iodine methods inaccurate, uill ind ath'ct fin* results. 

'I'he caustic alkali solution, used to convert I1 h‘ cnprons tliioeyanate 
into ciipi-oiis h\dro\ide, must not be too strong, or .some of the riK’tal will 
go into solution, cotoiiring the liquid blue. About a iialf normal solution 
of caiistH' potasli, made Iw dis-,o|\iiig 2Sgm. of tli(‘ salt in a hin* of water, 
is a conveiii(‘nt stnmglh. Hither b'rric sulptiate or f(’ri*i<- cliloridc may 
he iiscai to ilissolvc tlie ciijifous oxide. The former is probably tlie safer, 
blit tlie latter appears to dissolvi' the jirecqiitati' the more rea<iily of tlie 
two. 


2. Reduction by Zinc and Subsequent Titration with Ferric Chloride 
and Permanganate (Fleltmann). 

The inetalli<' soliiti-ni. fiaa' from nitric acid, hisiniith, and li‘ad is pre- 
cipitati'd with (lean sticks ol pure /me; the copper colh'eted, washed, 
and dissolved ni a inixtun' ol f(MTie eliloruh’ and hvdroelilorie acid; a 
little sodium carbonate may be added tn the atnnvpheric air. The 
reaction is- - 

Oil + J'V,,0I,, - OnOlo -r 2K(‘C1.,. 

When tin' copper is all dissoKxal, tlie solution diluted, and titrated 
with permanganate ; brcHo He tU'TtI On, or 1 He - ■5bh2 Ou. 

If the original sohUiori contains nitric aci»l, bismuth, or lead, the de- 
compositHui by /me iniisl take place in an aninioniacal .solution, from 
w’hich the prccipilat(‘s of cither of the ahovi* nndals lia\<‘ hi‘en renioveil 
by till ration ; the /ine must in this ease ho liiiely divided and the mi.xtnro 
warmed, Tlie copper is all j)iecipitated wIk'II the colour of tlie solution 
has jlisappeared. It is washed lirst with liot water, then with weak HOI 
ami wat(‘r to r(Mnov(‘ the /ine, again with water, and then dissolved in the 
acid and f(*rric eliloride as before. 

lodimetric Determination after Precipitation as Cuprous iodide. 

This excellent mi'thod is based on the fact tiiat when potassium iodiilo 
is mixed with a salt of copjier in acid solution cujirons iodide is precipitated 
as a dirty jvliite powiler and iodine S(‘t fret*. If the latter is then im¬ 
mediately tit rated with tliiosulpliateand starch, the eorres))ondingquantity 
of copper is found. 

2(hiSO^ + 4Kr CuJ.i -(■ 2K.,SO^ + I.,. 
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The solution of the metal, if it contain nitric acid, is evaporated with 
sulphuric acid till the former is expelled, or the nitric acM is neutralized 
with soiHiim carlx>nate, and acetic acid added; the sulphate solution must 
be ncntial, or only faintly acid; excess of acetic acid is of no consiMjucnce. 
and tluii’eforc it is always ncc<‘SHary ti^ ‘(ct rid of all fnu- niiin'ral acids and 
work only with fro(} acetic acid. 

,). W. Wo s t in ore 1 a n (Id who lias liad v(‘ry experience in 
examining a variety of copper })roducts, and 1ms \vork(?d tlu! process in my 
own lalx)i‘atory, strongly recommends it for tlie determinalion of co))per 
in itij various ores, (dc. Tlie metal may very <‘onveniently be separat'd 
from a hot sulphurie acid solution by sodium tbiosuiphate: tins gives a 
hoeeulent })n'eii>itat(‘ of sulisulpliide mixed with snlplmr, which tillers 
readily, and can be washed with hot water. Arsenic and antimony, if 
jiresent, are also j)r(‘cipitated; tin, zinc, iron, nickel, (•obalt, nn<l man¬ 
ganese are not ju’ecipitated. On igniting the pn‘ci}»itate mot of the 
arsenic and the excess of sulphur are ex[)(‘IIed, an impun* oxide of <-opper 
being bd’t. Sulphmvlted hydrogen may of eoiiiNe l»e used instead of the 
thiosulpliaf(‘, but its use is obj(‘ctionable to many ojK'rators; moreover, in 
some cii'ciimstaiKM'S, a .small amount of copper remains in tlie soliilion, 
and iron in small quantity is also ))reeipilate(l with the cop])er and cannot 
be entirely removed l)y washing. If H.jS is uR(‘d it should he passed for 
some tiim*, and the pr(‘cipitate allowed to stand a f'(jw liouis to settle ; 
after filtration and washing the CuS should 1)0 nalissolved in UNO;, and 
reprecipilated with the gas, it is then (piite fre(‘ from iron. 

Standardizing: the Thiosulphate Solution.— Pure electrolytic copper 
foil is used, a known weight being first dissolv(‘(! in nitric acid, lioilcd 
to expel nitrons fumes, diluted, nv'ulralize.d with S)Hlivim carbonate till 
a precij»ilati‘ ajijiears, then acidic acid added till clear. The liquid is 
then niad(,^ up to a definite^ volume, and a quantity (Mjual toaliout O o gm. 
Cu taken in a tiask or bi'aker, alxiut ten times the 4*opper weight of 
potassium iodide added, and when dissolvial the thiosulphate! is run in 
from a burette until the free iodiin* is nearly removiMl, sonn^ starch then 
added, and tlio titration finished in the usual way. ’I'lie tliiosulphate will, 
of cours(‘, need to tw ehecki'd occasionally. See note on [). 200. (Addition 
of sodium (Iiioride). 

If strictly ”/io thiosulphate is used, eacli c.c. = 0'000;157 gm. (hi. 

For technical purposes a useful standard sodium thiosuiphal(^ solution 
is one containing 40 gm. of the crystals in a litre :— 

I c.e. = (ajiproxiniately) 0-01 gm. (hi. 

Mktiiod of iTiOCEDUUE : For determining tlie eopjter in iron pyrites or 
Imrnt or(* 5gm. of tlie suhstanei* should Ik; taken, 2gni. for 30 to 40 percent, 
mattes or I gm. for 00 per (.-ent. mattes, and with preei[)itat(‘s it is best to 
dissolve say 5 gm. and dilute to a d(‘finite volume, and take as mneh as 
would represent from 0'5 to 0*7 gm. of Cu for titration. The solution is 
made with nitric acid, to whieli liydrocdiloric is also add«‘d later on, and 
then evaporated to dryness with excess of sulphurie acid to ^o^vert the 
bases into sul|>hafes; tlie residue is treated with warm water and any 


'-S'. C . A, 1881), 3, f*l. 
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insohiblft PhSO;, etc., filtered off. The filtrate is h(‘atofl to boiling and 
precipitated witji tbiosnlpliate, tliis prceipibatc is filtered off, wn.shod witli 
hot water, dried, and roasted; the resnItin^^4ioi)per oxide is thcMi dissolved 
in nitric acid, and after the (ixcos.s of a<.*i<l has b(*en mainly n'moved by 
evaporation, so<liiim carbonate is added so as to jirccipitate })art of tiie 
cop[)(‘r and (*nsiiro freedom from mineral aeid, acetic acid is added till a 
clear solution is obtained ; about 10 parts of ])otassium iodale to one of 
copper sui)]>ose<l to be j)resent are then added, and tln^ titration carried 
out in tin' usual way. 

An excelhnit modification of tliis method, much used in America, is 
d(^scril>e(l by A. H. I^ow.* A solution of thiosulphate is used containing 
about It) gm. |K'r litre, whieh is standardized upon about 0‘2 gm. of pure 
coj>i)er foil dissolved in SorGc.e. of nitric acid s[). gr. 1’2 in a2a0c.c. 
flask in the following manner:— 

H(‘at the nilric acid solution to lioiiing, a<ld 5 c.c, strong bromine 
water, and again lioil till all nitrons fumes and bromine ii,r(‘ <‘X]KdIed. 
As soon as the iiu'rnsted matter has dissolved, add a slight excess of 
ammonia, boil off iiie exci'ss, then add 3 to 4 c.c. of a,c(‘tie acid, whicli 
dissolves anv pn^cipated cop)M*r liydroxidi^ (boiling again may Ik* neces¬ 
sary), after cooling an<l diluting to about 50 c.c. mid 3 gni. of KI and 
titrate witli lliiosnipliafc- as usual. 

MKTiionoFriKX'KDCiiK roiiOKES: Treat 0-25 toO'ogin. of finely ground 
ore with 5 or 0 c.c. of nitric acid 1’42 sji. gr.,aiKl eva])orat(^ nearly to 
dryness. Dissolve all incrnsti'd mait<*r l)y boating witli 5 c.c. strong 
liydrocldoric acid, add 7 c.c, sni[)hunc aeid an<l beat, to exjicl \olniile aeids, 
till lh<‘ siilphiiric aeid fnnu's freely. After cooling and diluting witli 
25 e.c. of water, iieat to dis^olve any anhydrous feme sulphate, and 
tiller. The rtltrale and waNhings, wliieli should not much (‘xeeed 75 c.c., 
an* n’ceiv(*(l in a small beaki'r. The (‘ 0 )>])eris now precijiifateil Iw means 
of alunuiiinin as follows: Place in the beaker two pi(*ces of stout sheet 
aluinininm, aboni on(*-sixt(’(*ntli of an inch in thickness, which, for the 
sake of convonienci* in subsequent washing, should lx* U inch sijuare 
with till* foil]- corn«*rs licnt, for alKHif a quarter of an inch, alternately 
11)1 and down at right angles. This pn*vents the pi(*<-ep from lying fiat 
against each other or u[ton the boltoiii of the Ix'aker. The same pieces 
rnav la* used ri'jx'atedly, as they are Init little attacked I'lieli tune. Cover 
the beaker and boil gently for 7 to 10 mmntes. Unless the linlk of 
the solution is excessive, this will be <piite snfiicient for all pcn-(*ntages of 
cop[)er. Ordinarily the alnminiurn will be found to be ehnin, and nearly 
or quite free from preeijntatod copjior. If, by chance, the i-opper adheres 
to any considerable extent, it will usually bocomi*, looseneil by a little 
additional boiling, or it may be removed by the aid of a glass rod. Kinse 
the cover and sides of the beaker with eold water. To ]nvvent oxidation 
of finely divided copper ilnring subsequent washing and at tin* same 
time to remove any traces of copper still in solution, add about 15c.(*. 
strong H._,S water. Transfer the solution l>ack to the original fiask, and 
by m(*ans of a jet of HoS water from a wash-bottle rinse in also as much of 
tlie cop])er as possible, leaving the ahimininm Ix'hind. Drain the beaker 


^J. .1. a S., 1896, 18 , 468, and 1902, 24, 1082. 
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as completely as possible, aiul tcniponirily set aside witli Dio aluminium, 
winch may still retain a little copper. Allow copjior in llic flask to 
settle, and then decant the liquid throu^di a filter. Aj-ain wash the 
coj)p(‘r similarly two or thro<' tilings with about 20 c.e. H,,S watcu* each 
tiiinq retaiiiinji it as coiu])leteIv as jiossible in the flask. Finally, wash 
the filter once or twice and endeavour to rinse all imdaliie jiartirh's down 
into the apex. Now pour upon the aluminiiini in the Ix'aker 5 «'.c. of 
nitric a<-id * J-2 s[>. and warm the hcakcr gently, but do uot 
heat to boilinj^, as tiic aluminium would be tlu'iH'by muK'ci'ssarily 
attacked. Sc'o that any copjxu’ presiuit is dissolved, and jiour tlio hot 
soluMoii very slowly throu^di the filter, thus dissohiii^^ any contained 
particles of <‘opp(‘r, and receive the filtrafe in the flask ‘•oiitamin^f tin* 
main poiiion of the ('o|)pcr. Before washing? the filter pour ujion it 
5 c.c. of In-omine water, and wash the filler and beaker wilh hot wah'f. 
Tlie bromine must be in suflicienf <‘\cess to ^^ive a slight tinj^e to the 
filtrale. Boil the tiltrate to remove lu'oinini*, add (*xc('ss of aniimaiia, 
and proceed as deseri)>ed above for <‘opper foil in standardi/iii" Jfthe 
percentage of (hi in the ore <loes not exem'd 20 per rent.. th<‘ precipitated 
metal may 1 m‘ waslKul with ]f,SA\ater upon tlu; filter, instead of by de¬ 
cantation, care boinjj takim that the filter is ki‘pt lillcd till the wasliiii^ is 
complete, to avoid oxidation. 

A. M. Fairlic^ uses a,mmonium thioeyanafe, in preference to 
sodium tliiosulphate or aluminium, to separate tlie coppei’. 

The cuprous thutcyanatc is dis.soKcd in slroujf nitric acid, tlio solution boiled 
till rod fumes are no longri evolved, then neutralized witli ammonia, acidified 
with acetie acid, KI added and the tifcmtiou carried out m the usual way. Tlie 
presence of much ammonmm acelab'' must ho a\oidcd. 

Co])j)cr mav also be separated as cuprous oxide liy means of gUu'OM', and tliis 
oxide dissolved in intnc aei<l, and the delcrniination pri •ceded with as usual, 

Ah^fc.—Should any inm he present in the <‘op[icr solution to be 
titratc’d witli tliiosuliiliatc its clfcct may bo olimiimtcil by the addition 
of sodium huoridc solid it ui, as n'comnH'iidcd by F r a s (‘ r ' Tin* solution 
used is made by diliitinj^ a saturated aipicous solution of sudiiim 
flnondc with an iMpial volume of water and lillcringq ."iO c.<-. cf this 
bi'ing added to the copper solution immediatidv before llu' potassium 
iodide is ailded. A similar addition of (liioride should be iiuule wlien 
standardizing' tliiosulphate against elcefrolUie cojiper. 

4 , Determination by Potassium Cyanide (Parkes and C. Mohr). 

(A Svilution eontainiiif' 40 I'm. ])otassiiim cyani<le jicr litre is used) 

1 c.e. ~ (about) -01 j'lii. copper. 

This well-known and much 'isnd process for (letmaninini'copper de¬ 
pends upon the decolorization of an ammoniacal .solution of <!oj»per by 

’ V’l d ogr en (/ o. (1., l!-iOi), ri'lti) preferx to dissolve m (i mixture of jvtfdHsiinii <'liloratfi 
ami hydrochloric ami sulphiiiic acids. H arsemeor antimony i.s j)res<-iit, sodium acetate 
18 a'Med before titrating. The end-pants obfainetl arc sanl to fw iiuicln shurjicr Ilian 
with bo w ’ s inetliod of solniion. 

2 En^. and Minim/ J,, 190t, 787. 

•V. '.S. r. /., l!)ir,,'34, 462, also 1918, 37, 92 T. 
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potassium cyanulo. Tlie reaction (whicli is not absohit(‘ly uniform with 
variable <jnaiitit4es of ainnjonia) is such that a double cyanide of coi)pei* 
and ammonia is formed ; cyaiioj>en is also liberated, wiiirh reacts on the 
free ammonia, produ<‘ing urea, oxalate of urea, aminoni<' cyanide and 
formate (Liebijt). Owiujf to the infiuciK'O exerciscMl ])y variable 
quantities of ammonia, or its neutral salts, upon the <lccolonzatiou of a 
copper solution by the cvaiiide, it has been siijf«(ested by f{ e r i n {'c r to 
substitute some otlicr alkali for ammonia in muitralizing the fre<', acid in 
the copper solution. Tin* .suggestion has been adopted by Dav i cs‘ and 
by p’essenden- who both recommend sodium carbonate. My own 
experiinonts compk'bdv confirm fludr statement tiiat none of the irr^gn- 
hirities obs(‘rv(‘(| witii variable <inantities of ammonia or its salts occur 
with soda or pi'tasli. Suppose, for example*, that copper lias bce'U soparat<‘d 
as sulphide, and brought into .solution by nitric aciel, Ilm five a<-id is 
neutralized with NaXO,;, and an e.xccss of it added lo ivelisMilve* <h(‘ pre¬ 
cipitate. The* cNanide solution is tlH‘n canfiously run into the ligld blue 
solution until the* colour is just discharg<*d. My own experience* is that 
it IS imjeossihle- to rcdissolvc llie wliolc of the* j)rcci|ntate* witlietut using a 
V(‘ry larger <’x<‘e‘Ss of .‘^oda. ; but tlieiv is no noe*d to add siu-li an excess, as 
the* jii’e'ripilare e'asily dissolves when the* evanide* is a<!dcd. I have uscel a 
modification of this inclliod whicii gi\os exce'llent ivsiills, viz , to neutralize 
the* acid coppe'r .sulntion either with Na^CO.) or Na llO, add a. trifling e\ce*ss, 
and tlie'ii 1 c.c. of anintoiua d'hlUlsp. gr. ; a el('<>p lihic clear solution is at 
once gnen, which |)crniils of ve'rv sharp cnebre'action w ith the cyaiiiele*. 

,1. and (• I’e'riiigor aeleipted the metluMl of neutralizing the* aciel 
eopper solulmu with soda, then adding ajiinionia,, lait the proportion they 
ivconnne’nd is larger than iH*ee‘ssary. 

In staiidarelizing the evanide*, it is advisable* so to arrange nialte'is that 
co]e)ier is precipitated with soda e'xarfly as m the titration of a e-i^jijM'i* ore*; 
that is to s.tv, fi'e'e* nitric or nitro-sulpliurie* a.cid shenild be* ael<l(‘d, then 
ne'utralized with slight e*\e('ss of soda, e ieared with 1 e.e*. e)f ammeaiia, then 
titrate*d with cyaiiiele*. JiargeM(ua.iit.iti(*s of nitrate* or siil]iliat(* of soda or 
pe)ta.sli, ho\\(*V(‘r. make* ve*rv little* ditfe-ivne'e* in tlie ((iiantity of cyaiiiele 
used. 

Mktio)!) e)i’ Fi.'o<'i-;mil;i:: Dissolve (Migiii. of pure* e*lcc(nelvli(* eopjier 
feed in 5 e*.e. of pure iiifrii; aciel in a loO c.e*. I)e*a,ke‘r, add about 5U c.c. of 
waleU', make the* solution just alkaliiK* bv aeldition of sodiniit carbonate or 
liyelratc soliilion, aehl 1 c.c. of O lHi ammonia, arul run flic cyanide from a 
burette* into flu* liipiid, with constant stirring, till it is just ile'colonzcel. 

It has generally been thought tiiat where copper and iron occur togctlicr, it is 
necessary to sejmratc tlio latter before using t)te cyanide. F, Fic 1<I,' however, 
has stated that this is not necessary; and I can fully endorse Ins statement that 
blie presence of the suspended feme oxide is no hindrance to the determination of 
the copper; in fact, it is rather an advantage, as it acts as an indicator to the 
end of the process. 

While the copper is in excess, the oxide possesses a purplish-brown colour, but 
-V., 38 , 131. 

'^C. A'., 1890, 61, 183, 253. See also Feriiekes and Koch, ./. A. 1905, 27, 
1224. 

N., 1860, 1, 25. 
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as this excess lessens, the colour becomes gradually lighter, until it is orange, 
brown. If it be now allowed to settle, which it docs very lapidl^v, the clear liquid 
above will be found nearly colourless. A little practice is of course necessary to 
enable the operator to hit the exact point. 

It is iiniK>ssil)h.> to .soparato the fi'rric oxide by tilt rat ion \\itlionl leaving 
somo co|>jHM' in it. and no amount, of wasliing wdll remov<* it. Frriixaniplo, 
10 r.(‘. of a ('OjijM'f solutiiui with 10 ('.e. of iVrra* solntion wore diroetiy 
titrated with eyannh! after treatment witii NailO in slight excess and 1 
c.e. of ammonia. The eyanide required was 12 e.e. Another 10 e.e. of 
the same copper and iron solutions were then predjntated with soda and 
ammonia in same projuMdions. Tliis gave a completi^ solution of tli(^ 
eo]iper with the ferric oxide sus|M‘nd<Ml in it. The solution was filtiu'ed 
and the ferric oxi<h'well wasiied with hot winter, then the filtrate <-oaled 
and titrated with cyanide, 0‘r> c.c. only heiiig r(M|nired. On treating the 
ferric oxide on the litter willi nitrie acid, neutralizing with XallO and 
Nil) in proper projiortions exa/'tly, 2'5 e.e. of cyanide w<‘rc rcijiiircd, 
showing that the ferric oxide had n'taiiual 20 pm* cent, of the copper. 

I strongly recommen<l tliat operators who ha\(' to deal with i-ojipcr 
determination in sampli?s containing mucli iron sliouhi jiraetisc the use of 
the cyanide method in the pr<‘sence of th(‘ iron, and accustom their iiyi^s 
to tin* exact colour wiiicli the ferric oxide takes when tlu* titration is 
finislieil, always, however, witli this proviM), that the i-yanide solution is 
Htandardized ujion a known w’eight of copiMU* in the presence of a, moderate 
amount of iron. 

The solution of potassium cyanide sliould he titrated afresh at intervals 
of a few days. A solution I'ontaiimig 20 gm. pure potassium eyaiiidc per 
Iit?*o is convenient. Furtlier details of this process are given on p. 212 (8). 

J) 111 i n ’ advocates the cyanide pl•(K'es^ for cop)>er ores a^ follows • - 

MinnOD or Pkochhi ue The ore is treated in tlio way (loscribcd on p. 204 to 
obtain a solution of the copper practically free from silver and lead. The copper 
is then precipitated upon aluminium foil as there mentioned. Should cadmium 
be present it is aJ.so precipitated to some extent, but only after the i-oppcr is thrown 
down, Tf care be taken to stop the boiling immediately after the copper is 
precipitated, which a practised eye will readily detect, die amount of cadmium 
precipitated is so small as to cause no .sensible error. The liquid being decanted 
from the copper and foil, the latter are waslied well witti hot water, taking care to 
lose no metal; when quite clean, dilute nitric acid is added and boiled till the 
copper is dissolved, the liquid thou neutralized with excess of ammonia, and 
titrated with cyanide m the usual way. 

5. Determination as Sulphide (Pelouze> 

It is first neccsMiiw f<i have a solution of pure cojipcr of known strength, 
which is best made by (lihvdving 8fb28f) gm. of pure re-crystalliziM) cupric 
Hulphate in 1 litre of water; each c.c. will eontain O'Ol grn. Cm. 

Precipitation in Alkaline Solution. —This process is hased on tlie fact 
that if an amrnoniacal solution of copper is heated to from 4f)‘ to 80" C., 
and a solution of sodium sulphide added, the whole of the copper is pro- 

b/. A. S., 1895,17, 346. Also, A. H. Low, Ti‘'-hiiical Miihoiln of (.he Analysis. 
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cipitated as oxysulphide, leaving llic liquid colourless, Tho loss of colour 
indicates, tliorefore, the end of the process, and thii^ is its W(!ak point. 
Special practices howeiver, will enable the ojicrator to hit the exact [)oint 
closely. 

Casainajor^ uses instead of anuuonia the alkaline tartrate solution 
of Fell ling, adding a slight excess so as to maki^ a clear blue solution. 
The addition of the sul))bide gives an intense black-brown pn-cipitate, tlie 
liquid being stirred vigorously till clear. The copper sulphide agglomerates 
into curds, and the I'oagent is add(!d until no furtlier action occurs witli a 
drop of tho sodium sulpliidc. This modification can also be used for lojvd. 
P 1 )S 04 is easily soluble in the tartrate solution, and can be detormiiuMl by 
the sodium sulphide in tlie same way as co[)i)or. 

The colour of tlie solution is not n'gardi'd, but tlie clotty precipitate of 
sulphide, which is easily ma<le to aggloiiiei'ate by vigorous stirring. Very 
good r(‘siilts may b(‘gained by this modification. 

Copper can also Ix^ first siqiaratinl by giucosi*, or as tliiocyanate 
(Kivot), then dissolved in UNO,,, and treated with the tartrate. 

Precipitation in Acid Solution. -The <-opper solution is plaeisl in a 
stoppered flask (400 or 500 c.c.), freely acidified with liydrochloric acid, 
then diluted with about 200 c.c*. of hot watm*. 

Tlu! alkali sulphide is then ch'liverod in from a burette, the st(i[)per re¬ 
placed, and the mixtunj well shaken; the precipitate of cojiper sulphide 
settles readily, leavingtlie supernatant lirpiid clear; fresh sul[thide solution 
is then added at intervals until no more pn*cipitate is producted. The 
ealculation is the same as in the c*ase of alkaline jirecipitation, but the 
copper IS precipitated as sulpliide insbvad of oxysulphide. 

6. Determination by Stannous Chloride (Weil).- 

This procos is based on ili<^ fact that a solution of a cuiiric salt in large 
excess of hydrochloric acid at a boiling heat shows, even when tlie smallest 
traije is presenf., a greenihli-yellow colour. If to MU*h a solution staunons 
chloride is ad<led in minute excess, a colourless cu[)rous chloride is pro¬ 
duced, and the loss of colour indicates the end of tlie proci^ss. 

20ii0i, + SnCL - Cu.Ci., -t- SnOI,. 

The change is easily disfinguishable by the eyi*, but sJiould any doubt 
exist as to whether stannous eldoricic is in excess, a small jiortion of the 
NDlutioii may be tested with mercuric cldoridi*. Any precipifafe of calomel 
indicates tlie presence of stannous chloride. 

Tho tin solution is prepared as described on p. 134. 

A standard cupper solution is made by dissolving pure c(ij)pcv suipliate 
in distilkid water, in tlie proportion of 39‘28t> gm. per litre 10 gm. of Cu. 

Method of Procedure for Copper alone.— 10 c.c. of the copper solution 
(» O'l gm. of Cu) aro put into a white-glass flask, 25 c.e. of pure strong hydro¬ 
chloric acid added, placed on a sand-bath and brought to boiling heat; tlie tin 
solution is then quickly delivered in from a burette until the colour is nearly dc- 
stroyod, finally a drop at a time till the liquid is as colourless as distilled water. 
No oxidation will take place during tho boiling, owing to the flask being filled 
with acid vapours. 

‘ 0. A., 1882, 48, 167. 


14 


a. 1870, 9, 297. 
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A sample of copper oro is prepared in the usual way by treatment with nitric 
acid, which is afterwards removed by evaporating with sulphuric acid. Silica, 
lead, tin, silver, or arsenic, are of no consequence, as when the solution is diluted 
witli water to a delimte volume, the precipitates of these substances settle to the 
bottom of tho measuring Hash, and the clear liquid may bo taken out for titration. 
In case antimonic acid is present it will bo reduced with tlu' trojipcr, but on 
exposing tlie liquid for a night in an open bnsin, llie copper will be completely 
re-oxidized but not the antimony; a second titration will then sliow the amount 
of copper. 

Method of Procedure for Ores containing: Copper and Iron.— In the 

ease of cop)M.‘r ores where iron is also present, the (piantity of tin solution reijuired 
will of course represent botli the lion an<l the copper. In this case a second titra¬ 
tion of the original solution is niadoN'^ti zinc and peimanganalc, and the quantity 
.so found is deducted from the total quantity; tlic amount of tin solution coric- 
.spondmg to copper is thus found. 

I’lxAMPi.E : A sulutiou was prejiared from iO gm. of ore and diluted to 250 c.c.; 
10 c.c. required 20 75 c-.i^ of tin solution wliose strength was IG’2 c.c. for 0*1 gm. 
of Cu. 

-10 c.e, of ore solution were diluted, /inc and platinum added, warmed til) re¬ 
duction was eomplotc, and the solution titrated witli permanganate, of winch tlic 
quantity used - 0-0809 gm. of Fe. 

The relative stvengtli of the tin solution to iron is found tiuis-— 


Again, 


6?-57 : 0-1 - 55‘3l : .r 
X = -08784 

i.e., O'l gm. Cu = ‘08784 gm. Fc. 

= 10'2 c.c. SnCl.j. 

•OS784 : -0809 = H;2 q?/ 
y 14*92 " 

0*0809 Fe found above = 14*92 c.e. SnOl.j 
Hence, iron + copper - 2C*75 c.c. SnCl^ 
Iron -=■ 14*92 


Copper 11 *83 


Finally, 

10*2 ; 11-83 - 0*1 : ^ 

^ = 0-07302. 

That is, 10 c.c. of ore solution contain 0’07302 gm. Cu, or 250 c.(“„ ( = lOgm. of 
100 

ore) contain *07302 x ^ “ 1*825 gm. 

The percentage of copper is, therefore, 18*25. 

A gravimetric determination as a control gave 18*34 per cent. Cu. 

Fc determined volunietrically gave 20*25 per cent., gravimetrieally 20*10 per 
cent. 

The method is specially adaplml for the teehiiu-ul analysis of fahl-oros. 

7 . Precipitation as Cuprous Thiocyanate, Vo I hard’s Method. 

Tlie necessary 8tan<lard solutions are described on p, 151. Each c.c. 
of **/io thiocyanate nqn-esents 0-00()357 gin. (.hi. 

2CuSOi + 2KSCV\ + SO.J + 211,0 - 2(:uS(^N + 2 JI.,S 04 + K^SO,. 
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Method of Pkooedure : The copper in Bulphuric or nitric acid solu¬ 
tion is evaporated to remove excess of acid, or if the acid is small in 
(juanlity neutralized with sodium carbonati*, waslied into a 500 c.e. tiabk, 
!in<l enough aqueous solution of .SO.^ added to dissolve the traces of Imsic 
carl>onatc and leave a distinct smell of SO^. Heat to hoilin;;. and run in 
11h‘ thiocyanate from a l)iiretl<* until tlie additmn produces tjo chano(^ of 
colour, add 5 or4c.(‘. more, and note the entire (piantity used, allow Io<-(K)1, 
till to mark, and shake well. 100 e.c. arc then tiltered through a dry filter, 
10 c.c. of ferric indicator with sonic mtnc acid a<l<led, then titrated with 
”/iosil\er nilrate till colourless; then ajjain thuxwanate till the reddish 
colour appears. 'I’he volume of silver solution, less the final i-orrection 
with tliiociaiiahs <leducte<l from the ori;(inal tJiioc\aiiale used, will ^nve 
tlic volume of the latter rc<|uired to jireclpitati' the co)i]u'r. 

The jn-iM-c'ss is not aceurate in jn'csencc of Aj;, f'l, J, Jlr, or AsJ),,. 
It is very doubtful whether tin* presence of iron makes any difference 
whatever in view of the faet tliat an apprccialdo amount of feme salt is 
oventnallv added as indicator. (J ra h a m Ed r ‘ has dcscnlicd a modi¬ 
fication by which copper i-an bo determined with accuracy in the 
presence of a^ much as three tinnis its own weight of iron, botli nn-tals 
beinj; iletermined in the same solution. 

jMetiiud oi-’ I'laiCKDrRE: The solution, containing sulphuric acid, is 
niiaiiy neutralized with ammonia or sodium carlionato, saturated with 
SO., heated to boiling, an<l a measured exi-ess of standard animoninm 
tliiocvanatc solution added to precipitab^ tiie eopiior. The mixttire is 
then boiled vigorously for 10 minutes in a current of (X).., to remove S(K, 
cooled, in the presence of (XT, and filtm-eii. The (irecipitate is waslied 
with cold water, and the filtrate and washings, aftiu' adding snl[)liurie 
acid and excess of standard silver nitrate to remove rlie unused lino- 
cyanate, are titrated with permanganate to determine the iron. The 
colour of tln^ permanganate is removed by means of a trac»‘ of ferrous 
sulphate, and tlie e\c<‘ss of silver at once precipitated by tilraling W’itli 
standard thiocyanate. The copper is calculated from the <lifleienee lie- 
tweeii tlie tiital volum(‘of thiocyanate used and that e<piivalent to the 
sjivm- nitrate addt'd. 

Scvm’al niodm-ii processes for tlie volnnndric detm-minalion ftf copjtcr, 
chiefly due to American clii'mists, have been based upon the si‘|)anition 
of the metal as cuprous tliioeyanab*. One (Fa i r I ic ’ s} has already Ix'en 
mentioned as a modification of fln‘ iodide metliod. In another fM «• a<l i* 's, 
sec )». ‘202}, the iron eipiivalent of tlie separated cojiiicr is titrated witli 
permanganatix In all cases the precipitation as thiocyanati^ is effcctcnl as 
ulri'ady described. 

Cf A R lu <1 j R ’ R AcimMETiiic Method.^ Tlic washed thiocyanate precipitate, 
witli the filter, i.s decomposed by boiling with caustic alkali (see Afeade’s 
inetliod, p. 202), excess of normal soda being used, and the exet'ss, uflei filtering 
off the cuprous hydroxide, titrated by normal acid, with methyl orange as indi¬ 
cator. The metliod is said to he especially useful in alloy assay. 

Park’s Phrmaniianate Method.^ The precipitated (cuprous thiocyauato 

T/ d, f'.N., UlKi. 38, 884. ^Djq 

^ Ihui., 11100, 22 , 08.^* and 24, 580. See aEe Hawley, /,’//'/■ Minimj .7., 11108, 
11.55, aixl./. X (\ 1909 , 28, 163. 



212 


COPPBR. 


is decomposed by caustic alkali, the copper oxidized in alkaline solution by 
permanganate without decomposition of the alkali thiocyanate, and the thiocyanic 
acid titrated in acid solution with permanganate, the whole being cfTectod in one 
operation as follows: The waslied precipitate of cuprous thiocyanate and the 
asbestos pulp or filter pa^x-'r are treated with 10 c.c. of a 10 per cent, solution of 
caustic potash and 10 c.o. of ammonia (sp. gr. ()'96), and then iininediately titrated 
with permanganate until, upon warming to about 50'’ 0., the gronn colour of the 
supernatant liquid remains. About one-tliird or one-fourth of the quantity of 
permanganate necessary lor this is tlien run in, the mixture alloweil to stand for 
5 minutes, then acidified with 25 c.c. sulphuric acid (1 : 1 or 2) and titrated to a 
pin'k coloration with pormangauato. 10 atoms of cuprous Cu arc oxidized by 7 
molecules of permanganate. The copper value of tlie latter is found by multiply¬ 
ing tlie iron factor by 0/1002.' 

Todatb Mktiiod.- The application of the potassium iodatc inetliod of 
Andrews (p. 188) has been found to afford a simple and accurate jirocess for 
the titration of cuprous thiocyanate. The washed precipitate, togetlicr with the 
asbestos or filter-paper on which it was filtorod, is placed in a bottle, 5 c.c. of 
cliloroform, 20 c.c. of water, and 30 c.c. of hydroclilonc acid arc added, and a 
standard solution of potassium iodate, containing 11*784 gm. of the salt per litre, 
is run in with constant shaking, until the colour first formed in the cliloroform 
disappears. The reaction proceeds according to the oquation :— 

4CuSCN + 7KfOj + 14HCI 4CiiSOj 4- 7KC1 + 7ICI 4HCN -t- 511^0. 

One c.c. of the standard solution corresponds to 0*0020 gm. of copper. The 
chloroform may bo used a second time. 

To apply the method to area, the sample is dissolved in nitric and or aqua 
regia, and boiled down with sulphuric acid until fumes of the latter are given off. 
The n‘siduo is diluted and filteied after the addition of 1 or 2 dropsof hydrochloric 
acid if silver is present. The small quantities of lead and antimony left in 
solution do not interfere with the subsequent precipitation of the cojqiei* by 
means of sulphur dioxide and ammonium thiocyanatt., A complete determination 
can be made in one hour. 

Potassium iodate can he obtained pure, and its solution is very stable. 

8. Technical Examination of Copper Ores (Steinbeck’s) Process. 

Ill 1807 the Directors of the Mansfohl (lopper Mines oficrod u prciiiiiiin 
for tlie best method of examining these on's, the chief conditions being 
tolerable acenraey, simplicity of working, and tlie [lossihility of one operator 
making at least eighteen assays in tho day. 

The fortunate competitor was Di*. .Steinbeck, wliose process com¬ 
pletely satisfied th<‘ requirements. The whole i*eport is contained in 
Z. < 1 . C., 1860, 8 , 1 , and is also translated in N, 1800, 19 , 207. 'I’lio fol¬ 
lowing is a eondensed account of the process, the linal titration of the eojiper 
beingaceomj)lishe<l by ]K>tassium cyanide fis on ]>. 200. A vi'ry convenient 
arrangement for tilling tlie burette witli stamlard solution where a series 
of analysoK has to be made, and tho burette continually emptied, is sliown 
in fig. 39; it may be refilled by simply blowing upon the surface of the 
liquid. 

(rt) The Extraction of theCopperfrom the Ore.—5gm. of pulverized ore 
are put into a flask with from 40 to 50 c.c. of hydrochloric acid (specific gravity 

'Compare Clark, J. Ind, mid Kmj. Chem. 1019, 11, 1138. 

2 Jam i esoii, Levy, and W el 1 h, .4. P. A, 1903, 30, 730. 
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1’16), wheroby all oarbonatos arc converted into chlorides, while carbonic acid is 
expelled. 

After a while there is added to the fluid in the flask 6 c.o. of a special nitric 
acid, prepared by mixing equal liulka of water and pure nitric acid of 1*42 sp. gr. 
As regards certain ores, however, specially met with in the district of Mansfeld. 
some, having a very high percentage of sulphur and bitumen, have to be roasted 
previous to being subjected to this process; and others, again, require only 1 c.c. 
of nitric acid instead of 0. The flask containing the assay is digested on a sand- 
bath for half an liour, and the contents 
boiled for alwut fifteen minutes; after 
which th(' wliole of the copper occur¬ 
ring in the ore, and all other metals, are 
in solution as chlorides. The blackish 
residue, consisting of sand and schist, 
has been pmved by numerous experi¬ 
ments to be either entirely free from 
copjier, or to contain at the most only 
0-01 to O'O'l per cent. 

{b'l Separation of the Copper. 

—Tlio s<diition of metallic and alka¬ 
line eartliy ehloi'uUs, and some free 
TfCl, obtained as just described, is 
separated bv liltraLion from the in- 
soluhlo residue, and the lliiid run into 
a covered beaker of aliout 400 e.c. 
capacity. In this hcakor a rod of 
metallic zme, weighing about 50 gm., 
has been previously jilaced, fastened 
toa piece of stout platinum foil. Tlie 
to be used for this purpose should 
bo as free as jiossible from lead, and 
at any rate should nut contain more 
tlian fioin O-l to O’d per cent, of the 
lattci metal. The piecipitation of 
the eo]ipor in the metallic state sots 
ill during the filtration of the warm 
and eonoentiat.ed lUiid, and is, owing 
especially also to llio entire absence of 
nitric aoid, completely finished in from 
half to throc-quai'ters of an hour after 
the beginning of the filtration. If the 
fluid be tested with SHg no trace of 
copper can or should be detected ; Fig. 31). 

the spongy rnetal partly covers the 

platinum foil, partly float.s about in the liquid, and in case either tlio ore itself 
or the zino applied in the oxporimout contained lead, small quantities of that 
metal will accompany the precipitated copper. After the excess of zinc (for an 
excess must always ho employed) has been removed, the metal is repeatedly and 
carefully washed by decantation with fresh water, and care taken to collect together 
every particle of the spongy mass. 

(c) Deterfuinatlon of the Precipitated Copper.—To the spongy metallic 
mass in the beaker, wherein the platinum foil is left, since some of the metal ad¬ 
heres to it, 8 c.c. of the special nitric acid are added, and the copper dissolved by 
the aid of moderate heat in the form of cupric nitrate, which, in the event of 
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any small quantity of load being present, will of course bo contaminated with 
lead. 

When copper ores are dealt with containing above C per cent, of copper, which 
may be approximately delenninod from the bulk of the spongy mass of precipitated 
motal, 1C c.c. of nitric a<-id, instead of 8, are applied for dissctlving the metal. 
Tlie solution thu.s obtained is left to cool, and next mixed, immediately before 
titration witli (ryanide, with 10 c.c. of special solution of liquid ammonia, prepared 
by diluting 1 volume of liquid ammonia (sp. gr. 0'93) with 2 volumes of distilled 
water. 

The titmtion witli cyanide is conducted as described on p. 207. 

'In the case of such ores as yield over C per cent, of copper, aiul when a double 
quantity of nitric aeid has consequently boon used, the solutiou is diluted with 
water, and made to occupy a bulk of 100 e.e.; this bulk is then exactly divided 
into two portions of 60 c.c. eacli, and each of these separately mixed with 10 c.c. 
of ammonia, and the copper ihcrcin voluiuetrically determined. The deep lilue 
coloured .solution only contains, in addition to the copper compound, ammonium 
nitrate; any lead which might have been dissolved liaviug been precipitated as 
hydrated oxide, wliieli does not intorfore witli tlie titration with cyanide. The 
solution of tlie last-named salt is so arranged that 1 c.c. tliereof indicates exactly 
0’005 gin. of copper (about 21 gm. of the pure salt per litre). Since, fur every 
assay,-‘i gm. of ore have been taken, I c.c. of the titration Huid is equal to 0 1 
per cent, of copper, it lienee follows that, by multiplying the number of c.e. of 
cyanide solution used to make the blue colour of the copper solution disappear 
by O'l, tile percentage of copper contained in the ore is immediately ascertained. 

S t o i n I) 0 e k tinted this mothoil spocialiv, in order to see what 
influmieo is exorcisod thnreuinn hy (!) aininouiiim lutratH, (2) causlK; 
ammonia, (3) load. Pure oloctrolylie ooppo. was used for the ox[)ori- 
iiKMits, ignited to distroy any orgunii* matter wliioh miglit aeeidentally 
adhere to it, und lu'xt oleani'd hy jilaoing it in dilntc lutrio acid. 5 gm. 
of Ibis metal wer(‘ placi'd in a litre tiask, and di^^olved in 2()<)-li c.c. of 
special nitric acid, tlie flask gently lieati^d, and, after cooling, the eoiitoiits 
diluted with waU'r, and made nji to lOOOe.e. 30 c.c. of this niIiiUoh were 
always applied to titrate one and the same solution of evamde in all cir¬ 
cumstances. When ■) gm. of ore, containing on an average 3 per cent, of 
eop)»i‘r, are taken for assay, that ipiantity of copper is exaclly equal lo 
0'150 gin. of file chemically jiuri* copper. The (|uant.ity of nitric, a<-i<l 
taken to dissolve 5 gm. of pure copper (206'0 c.e.) was piirjiosidy taken, 
so as to eorrespoinl with I lie (piantity of 8 c.c. of s])ecial nitric acid whiidi 
is applied in the assay of tin; copjuT ohtained from the or(‘, and this 
quantity of acid is the exact amount in 30 c.e. of the solution of jiure 
cojqier. 

. The iiiHuence of donlde 'piantities of ammonium nitrate and free 
caustic ammonia (the quantity of copper remaining tln^ same) is shown 
as follows 

(а) 30 c.c. of the normal ‘•olution of copper, containing exactly 0T50 gm. of 
copper, were rendered alkaline with 10 c.c. of special ammonia, and were found to 
require, for entire decolorizataon, 29-8 c.c of cyanide. A second experiment, again 
with 30 c.c. of copper solution, and otherwise under identically the same condi¬ 
tions, required 29-9 c.c. of cyanide. The average is 20*85 c.c. 

(б) Wlien to 30 c.c. of the copper solution first 8 c.c. of special nitric acid are 
added, and then 20 c.c. of special ammonia instead of only 8, whereby the quan- 
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tity of froo ammonia and of ammonium nifcmte is double what it was in the case 
of n, there is required of the same cyanide 30*0 c.c. to produce dccolorization. A 
repetition of tlie experiment, under exactly the same conditions, gave 30'4 c.c. of 
the cyanide; tlie average is, therefore, BO‘35 c c. The difference amounts to only 
0‘05 per cent, of copper, wiiich may bo allowed for in the final calculation. 

Wiieii, liowovor, hargo qnuntitios of aiiimonmcal salts are prosont in 
the fluid to he assayed for copper liy jneans of cyanide, and (‘speeially 
when ununoniuiu earbonate, snljiliali^ and, worse sfill, eh!orid<‘ are 
siinultaneoiisly jiri'sent, thesi* salts exert a very disiiirhing influence.' 
Tile pres(MU‘c of lead in tlu* copper solution to la* assayed has the (dfef't of 
producing, on tlu' addition of 10 i-.e, of normal ammonia, a milkine.ss 
with the blue tint; but this docs not at all interfere with the detmanina' 
lion of the copper hy means of I he cyanide, provhled the lead lie not in 
gn‘at exc(‘ss: and a slight milkiness of tlie solution even promotes the 
visihtUty of th(‘ appi'i'Kiehiug end of the operation. 

Steinbeck iiuidc somi* experiments jmrposely to test lliis jioint, 
and his resulih sliow that a modiM'ute <|uantity of lead has no influence. 

KxiH'riments were also carefully made to ascertain the iidlueHeo of 
ziiK', the result of which showed that up to 5 jM'r cent, of the cojiper 
present, IIm! zinc liad no disturbing action ; hut a considm’able variation 
(K'curred as (he iKU'ccntago increased abow that proportion. Oar(‘ must, 
tliondore, always be taken in wa->hiug tiie sjiougy copper )M‘c{‘i[»itated 
from the or<> solution by means of zinc*. 

The' titration must always take place at ordiimry temperatures, since 
lieating tin' amiuoniacat solution while under titration to Itb or 4.T’0. 
considcralilv I'cdnei's the <|ua.niity of cyanide r('<|uir(M|. 

9. Determination of Copper Colorlmetrically. 

This nicfliod can b(‘ a<lopt<‘d with v(‘ry accurate results, a> in the 
case of iron, ami is availalile for slags, poor cupreous pyrites, waters, etc.'-* 

The reagent usi'd is the same a,s in th(‘ ease* of iron, viz. ])otassinm 
ferrocyanhlc, whi<*h giv<*s a ]iufple-br<iwn colour with verv dilute solutions 
of copjjcr, This reaction, however, is not sn delicate! as it is witli iron, 
for L [tart of the latti'r in IIV)00,000 [tarts <tf water can be detertc<l Ity 
means of [totassimu ferr<xwanid('; wliilo 1 [tart of coppi'r in a neutral 
solution, containing ammonium nitrate, can only be deb'cb'd in 2,500,000 
[tarts of water. Of the coloured reactions which citpper gives with different 
reagents, those witli sulpliiindted liydrogeii and potassium ferrocyanide 
are, hy far the most delicate, both showing their respi'dive colours in 
2 , 500,600 parts of watei*. 

Of till* two naigenfs sulpiiuretted hydrogen is the imtre ilelieafe ; hut 
liotassium femteyanide has a decidm) advantage over sulphuivlted livdro- 
g<‘U in the fact lliat loa<!, when not present in too large <}uantiiy, doi'S 

0 liavu lliis teulimcjil [mwiessiii its original form, ii<n.\vitlislau(Iiiig tin* use of 

ammonm, htrfflise it w systiuiiatir, and tlie results obUmed by it are all eouiparable among 
themselves Of course soda or jiotasli may lie used in place of ammonia, it the cymiule is 
staiidardued with them. 

H’iVruMIy, (/. lS7o, 33, 30S, 
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not interfore with tlic depth of colour obtained, whereas to sulphuretted 
hydrc^en it is, as is well known, very sensitive.' 

And though iron if present would, without special precaution being 
taken, prevent, the determination of copjwr by means of ferroeyanide; 
yet, by the method des{;ribed below, the amounts of tiiese metals con¬ 
tained together in a solution can be determined liy this reagert. 

Ammonium nitrate ren<lei-s the reaction much more delicate; other 
salts, as ammonium chloride and potassium nitrab', have tlie same effect. 

Ti><‘ method of analysis I’onsists in the comparison of the purple-brown 
colgurs j)rodue(‘d by adding to a solution of potassium fcrrocyanide—first, 
a solution ('f copper of known strength ; and, second, the solution in whicii 
the copper is to be chdermined. 

'Die solutions and materials required are as follows:— 

(1) Standard co))])er solution.—I*repared by dissolving 0*3029 gm. of 
pure CUSO 4 , 5H.,0 in 1 litre of water. 1 c.e, - 0*1 mgm. Cu. 

(2) Solution of ammonium nitrate.—Made by dissolving 100 gm. of 
the salt in 1 litre of watm*. 

(3) Potassium ferrocyaMi<le solution—1 : 25. 

(4) Two glass cylinders holding rather mon* than 150 c.(*. (wh, the 
ixiint equivalent to that volume being marked on the glass. They must 
botli b(* of the same tint, and as colourk^ss as possible. 

A burette, graduated to c.e. for the copper solution ; a 5 c.e. jiipette 
for tli(‘ ammonium niti'ate ; and a small tube to deliver the feri*()cyani<le 
in {h*()])s. 

Method OF P.moKDruK: Five drops of the potiissium fertwyanido are 
])laced in each cylinder, and tlum a measured iiuantitv of tiie neutral 
solution in which the copixw is to be detenniniMl is added to one of them, 
and both filled up to tin* mark with distilled water. 5 c.e. of the ammonium 
nitrate solution added to each, and tlien the standai'd coiiper solution run 
gradually into the other till tlie coloui*s in botli eyiindei’s arc of tlie same 
depth, tlie liquid being well stirred after each addition. The number of 
c.c. used is then read off. Each <*.c. corrcs[>onds to 0*1 mgm. of copjier, 
from wliich the amount of copjMU* in the solution in <|U(*stion can be 
calculated. 

The solution in which the copper is to be determined must be neutral; 
for if it contain free acid the latter lessons the depth of colour, and changes 
it from a purple-brown to an (iarthy-brown. If it should lie acid, it is 
rendered slightly alkaline with ammonia, and the excess of the latter got 
rid of by boiling. The solution must not b(‘ alkaline, as the brown colora¬ 
tion is soluble in ammonia and decornjwsed by jKitash or soda; if it be 
alkaline from ammonia, this is reme<iied as before by boiling it off; while 
free potcosh or soda, should they be jiresent, are neutralized l>y an acid, 
and the latter by ammonia. 

Lead, wdion present in not too large (piaritity, has little or no effect on 
the accuracy of the method. The precipitate obtained on adding potassium 
ferroeyanide to a lead salt is white ; ami this, exc(q)t when present in 


iln colour titrations of this character it is esscnti.al that tlie comparisons b« made under 
the same circumstances as to temperature, dilution, and admixture of foreign substances, 
otherwise serious errors will adsc. 
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comparatively largo quantity with respect to the copi)er, does not interfere 
with the comi^ii’ison of the colours. 

When copper is to be determined In a solution containing Iron, the 

following method is adopted 

A few droiw of tiitric acid are add<Ml to the solution in ordiu* to oxidize 
the ij’on, the liquid evaporated to a small bulk, and the iron preci[)ifated 
by ammonia. Even w'hen very small quantities of iron are i)res(‘nt, this 
can he done easily and conqilotely if there be only a very small quantity 
of fluid. Tlie precipitate of ferric oxide is then filt<u‘ed off, washed onee, 
dissolved in nitric acid, an<l reprecipitated by ammonia, filtered and 
washed I’he iron precipitate is now free from copj)er, and in it the iron 
can b(( dcterniincd by dissolving in nitric acid, making the solufion nearly 
neutral witli ammonia, and determining the iron by the method on 
p. 245. The liltrate from the iron precipitate is boiled till IIk^ ammonia is 
completely driven off, and tlic copper determined in the solution so ob- 
taino<I as alnwiy desi'ril)ed. 

When th(‘ solution containing cop]>cr is too dilute to give any coloration 
directly with huTocyanide, a measured quantity of it must bo evaporated 
to a small bulk, and filtered if nei^essary; and if it contain iron also, 
treated a.s alrea<ly dcscrilxul. 

In thi^ determination of copper and iron in water, for which the method 
is spc'cially apjilicable, a nu’asiircd quantity is (‘vajiorati'd to dryness with 
a few dro)tK of nitric achi. ignited to got rid of any organic matbu* that 
might colour tln^ liquid, lUssoIvcd in a Iittl<‘- boiling wah'r and a<h“op or 
two of nitric acid ; if it is not all soluble it does not mattm*. Ammonia 
is next addeii to pnaapitate tlie iron, the latter filtcnnl (tff, wasl.iul, re- 
dissolved in nitric aciil, and again jirecijiitahxl by ammonia, filtered off, 
and waslu'd. The filtrate is addinl to the one previously obtained, tlie 
iron iletcrmincd in tlie precipitate, and the copper in the united filtrates. 

10 . Determination by Titration of-Copper Ferrocyanlde with 
Potassium Cyanide. 

Sanchez’ has devised the following process, whicli appia-able in 
jiresenci! of tin, arsenic, antimony and organic acids, but iron, lead, 
zinc, nickel, cobalt, manganese, and ammonium salts must lie alisent 
The method is based on the fact that when copper ferriH-yanide is dis¬ 
solved in a solution of potassium (^yariiile a very 8liar[) chang<‘ of colour 
accompanies tlie reaction, which is as follows 

CUaT’eCyij -i- (JKCy = ICiFeCye + 2(CuCya, KGy). 

The solution must be exactly neutral. 

Method op Procedure : The nitric acid solution of copper is fi)*st 
evaporated to dryness with sulpliurie acid, any load sulidiato filtered off 
after adding cohi water to the residue, and the copper is precipitated as 
Cu.jS by acidifying with and boiling witli 10-20 c.c. of a 50 per 

cent, solution of sodium thiosulphate. The precipitate is washed with 
boiling wator, dissolved in nitric acid, tlie excess of acid boiled off, and 
the solution made up to a known volume. An aliquot portion of this is 


’ BnU. Sijc. Chim., 1910, 7, 9. 
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titrated with standard alkali, using methyl orange as indicator (or 
phcnolphthfilein when organic acids are present), and the amount of 
alkali found is added to another such portion, potassium ferrocyanide 
added, and the titration with potassium cyanide then proceeded with. 
The standard cyanide solution (fi'5 gm. K(ty per litre) is standardized 
against a solution containing 1 gin. of copper per litre. To 10 c..c. of the 
latter solution 1 c c. of a 10 per cent, solution of potassium fcrrocyanido 
is added, and the eyauido solution is carefully run in from a burette 
until the reddish-brown colour suddenly changes to greenish-yellow. 


CYANOOEN. 

CX - 20-01 

1 c.c. **/io silver solution ■= 0-005202 gm. Cyanogen. 

1. „ = 0 005404 gin. Hydrocyanic acid. 

- 0-01H022gm. J*otassium cyanide. 

,, %(i iodine solution = 0-003255 gm. Potassium cyanide. 

I. By Standard Silver Solution (Liebig). 

Tins ready and aoenrato method of determining i-yanogim in hvdro- 
eyani<‘ acid, alkali cyanides, etc., was discovered by hieing, and is 
fully de.scribeil in Ann. dcr Cheni. nnd I'hann., Ixxvii. 102. J( is based 
on the fact tliat when a solution of silver nitrate is added to an alkali 
solution cuiitaiiiing cyanogen, with constant stirring, no permanent pre¬ 
cipitate of silver cvanule appears until all the cyaimgen lias combined 
witli the alkali and the silver to form a soluble double salt (in the presence 
of potash, for example, KCy, AgCy). If the sllgbest excess of silver, over 
and above tin* quantity rcijuired to form this combination, be added, a 
permanent procipitalo of silver cyanide is produciHl, tluMlouble eompouud 
being destroyed. If, tb(‘r<‘fore, the silvt*r .solution be of known strength, 
tlie quantity of cyanogen pre.sent is easily found ; 1 eq. of silver in this 
case b(*ing equal to 2 c(j. cyanogi'n. 

So fast IS this double combination that, when sodium <*hlori(b‘ is 
present, no [K‘rmanent precipitate of siher i-hl<‘ri<ie is produced until 
the quantity of silver necessary to form tin* cnm[K)und is slightly over- 
stopped. 

Sie bol d, liowever, has pointed out that tiiis process, in I,lie case of 
free hydrocyanic acid, is liable to serious errors unless tlu5 following 
precautions are observed 

{a) Tile solution of siKlium or potassium hydrate should lie placed in 
the beaker first, and tlie liyilrocyanic acid adde<l to it from a burette 
dipping into the alkali. If, instead of this, the acid, is place<l in the 
beaker first, and tlie alkali Jiydrate added aftorwanls, there may be a 
slight loss by evaporation, which becomes appreciable whenever there is 
any delay in the addition of the alkali. 

(6) The mixture of hydrocyanic aci<l and alkali should bo largely 
diluted with water before the silver nitrate is a<blc<l. The most suitable 
proportion of water is from ten to twenty times the volume of the officinal 
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or of S c li e e 1 0 ’ s acid. With such a degree of dilution, tlio final j)oint 
of tlie reaction am be observed with greater precision. 

(c) The amount of alkali us<hI sliould be as exactly as possible that 
ivipured for tiie conversion of the hyclrocyanict acid into alkali <‘yanido, 
as citheri^in insnlluaency or an excess aflccts the accuracy of tlie result, 
ft Is advisahh^ to make first a rougli estimation with excess 4)f soda as a 
guide, tlicn (inisli with a solution as neutral as possible. As a guide to 
the neutrality, or rather the slight amount of alkalinity of the solution, a 
littlo Po i r r i e r ’s Blue C^B mav bo used as iiuiicator. Tliis gives a nnl 
colour witii alkali liydroxidcs, fmt is not acted upon by IlOy or alkali 
(•ya.nid(‘s. 

Th(‘ voinnic taken for titration should not o,onta,iu more than 0‘1 gm. 
IION. For this <piantity use 5 c.c. **/i alkali and 0-5 gm. sodami bicar- 
bonatc. Titrat(‘ over black patter. This method is useless for tin' deter- 
nnnalion of cyanogen in donl»le cyanides and in in('rcnii<‘ cyanide. 

For th(! delcrminaliini of emnide i)i pirfience o/ rldorid<’, procet'd as 
follows: — 

Di'b'rmine th(‘ ('vaiiide by i e b ig’s method, add more than (Miongh 
slandanl silveriutrate solution to (“ombiint with the cliloridc, acidify witli 
nitric acid, make up to a detinitc volume, lilter tbrongli a dry filter, and 
titrate ilu' <‘xcexs of silviu* in an atupiot jtortion of the filtrate by 
Vo I li a rd’s iiietboil. 

inoditicafion suggested by Gue fin,' in which tla^ by<lrocvanic acid 
is nentraliz*Ml by bora.\', has the a<lvantag(t that exce.ss of borax <Ioes not 
interfen'. 

If feri'ocyanidt* or thiosuljibati' be present, a crystal or two rf itotas- 
sium iodide shoultl be added Ixdore th(‘ titration with silvm* nitrate.'* 
The precipitate tlien consists of silver iodide, of which I <•'(. == 2 cq. of 
cyanide as with silver nitrate. The end-point of the titration is sharper. 

Caution. —In using the [)ipette. for rncasiiring Inihocyaiiic acid, it is 
advisable lo insert a plug of cotton wool, ^Ilg)ltly juoistcncil with silver 
nitrate, into the ujipcr end, sons to avoid the dangi'r of inlialing any of 
the liiglily |HiiM)nous acid ; otherwise it is decidedly pn-IVrable to weigh it. 

2 . By Standard Mercuric Chloride (H a n nay). 

This convenient inothod is fully deserib(‘d by tlie aullioi'," ami i^. well 
adajited for Iho technical cxaininaiion of eoininoreial cyanidi's, etc., giving 
good results in the ])rescnc(' of iiyanatos, sniphocyanates, alkali .salts, and 
compounds of ammonia and silver. 

The .standard solution of mercury is made hy dissolving 13‘5I17 gm. 
BlgGl.j in v'ater, and diluting to a litre. Eaeh c.e. = b-(M)()51 gm. of potas¬ 
sium eyanid<^ or 0'002fill gin. ('y. 

Method oe IhnirEDUKE: The eyanule is ilissolved in water, and the 
beaker placed upon black papm* or velvet; ammonia is then ad<ied in 
iiKxIcrato ([iiantity, and tlie imu’ciirie solution eantions|\ added witli eon- 
siant stlning until a bluish white opalescence is jKonianently prcxinced. 

*./. PImriii Chun. 1905, 22, 433 ; Analyst, 190(5, 31, 27 

'^Ticjtdv'eU, Z, anorg. Chm. 1911, 71, 219, ^J, t. S., 1873, 245, 
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With pure sul)stancG8 the reaction is very delicate, but not so accurate with 
impure mixtures oc'curring in commerce. 

3 . By Iodine (Fordos and Qel is). 

This prcK-ess, wliieli is [»rincij)ally applical»le to alkfili cynni(lo.s, <lep(‘n(ls 
on tlio fact that when a solution of iodine is added to one of iiotassium 
cyanide the colour of the iodine solution is discharged so long as any un- 
dccomiMised cyanide remains. Tlie reaction may l»e expressed by tiie 
following equation 

KCX + I, = KI + rCN. 

Therefore, 2 eq. iodine represent 1 e((. cyanogen in combination ; so that 
1 e.c. of *^/io iixline expresses the lialf of cq. cyanogen or its com¬ 

pounds. The end of the reac tion is known hy the yellow <-(>lour of the 
iodine solution becoming pormam'iit. Starch indicator Jiiust not he used. 

Commercial cyanides are, however, generally contaminat<‘d witli caustic 
or monocarhonatc alkalies, which wonl<{ <lestn>y the colonr of the iodine 
like th<^ cyanide ; consequently tliese must ho converted into hicarbonates, 
wliich is Iw'st done by ad<ling cai'l)otuc acid water (oixiinai'y sixia water). 

Ex^hiplk : 5 gin. of potassium cyanide were weighed and dissolved in SOO c.c. 
water; then !) c e. (= 0‘05 gm. cyanide) taken witli a pipette, diluted with about 
I litre of water, 100 c.u. of soda water added, then ^/lo iodine delivered from the 
burette until the solution posscs.^ed a slight bui pemianent yellow colour : 12-75 
c.Q. were required, which multiplied by 0-008255 gave 0-0415 gm. or 83 per cent, 
real cyanide. Sulphides must of course be absent. 

Notf..- lnstca<l of adding “sixIa water ” Drs. H e n r y and A u I d ‘ w- 
commend tlie ad<lition of a slight ex(;oss of sodium hicarbonati'- hefon* titra¬ 
tion with standard iodine solution. 

4. By ^jio Silver Solution and Chromate Indicator. 

Vie ill a her Mias shown that weak solutions of prussic acui, such a-s 
bitter-aimond wafer, etc., may lie remiily titratcil by adding niagnesiuin 
hydrate .sus|«'nd(!d in water until alkaline, mMingadropor twoof clironiafe 
indlc.ator, and delivering in silver iitifil the red colour ajqiears. as in the 
case of titrating chlorides. 1 c.c. silver solution - 0’(‘02702gin. IK^v. 

This luefluKl may l>e found serviceable in the examination of opaque 
solutions of iiydux-yaiiic acid, such as solutions of bitter-almond oil, cte.; 
but of course the absence of chlorine mu.st be en.sured, or, if pre.sent, tlie 
amount must be allowed for. 

It is preferable to add tlie HCy solution to a mixture of nmgni^sia and 
chromate, tlum immediately to titrate with silvt'r, 

FERRO- AND FERRI-CVANIDES. 

Potassium Ferrocyanide. 


KMA'Cvh, 31LO = 422-348. 

Metallic iron x 7-563 =- Crystalliziu! Potassium foiarx-yanide. 
Ferrous ammonium sulphate X 1-080 = „ „ „ 


J./. S. C. /.. 1903, 27, 429. 


* JrrA. Phann. [3], 13, 408, 
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Oxidation to Ferricyanide by Permanganate (De Haen). 

Ferrocyanide may he ‘letenniiu'd l)y potaKsium pcnnau^anate, by 
wliicli it is into fofncyanMo. Tin; ])roocss is easy of application, 

and tho results accurate. A standard solution of pure ferrocyanide 
shoidd be used as the basis upon whidi to work, but may be dispensed 
with, if the op(‘rator chooses to calculate the stren^dh of his permanganate 
from iron or its com]ioumls. If the permanganate is decinornial, there is, 
of course, very little need for calculatinii (I e(i. = 42‘2'348 must be used as 
tl>(‘ systematic number, and tlnwefore I <*,<*. of ”/io permanganate is 0 (^ual 
to 0'04*2235 gm. of yidlow ))russiat(‘). The standard solution of pure 
ferrocyanide contains 20 gm. in the litre : each c.c, will therefore contain 
0*02 gm. 

Mktuoi) oi*' I’JiorKnnuE • ^ This nudhod is found to give accurate 
n'sultswhcii carried out as follows : 20 c.c. of sulphuric acid (1 : 1) are 
added to 150 to 200 c.c. of the solution (containing about 1 gm. of ferro- 
cyanide), an<{ th<; mixiun; is titrated with ^/toI' ormanganate, until the 
colour <diang(‘s from yellowish-grecm to yellowish-red. Ilydroferricyanic 
acid may also he d(d,eriuiu(‘d hy piM’manganate, aftc'r reduction with 
ferrous sulj)hat<‘; hut this acid is preferalily «Ieterimncd by Mohr’s 
luetlwid (see bclowj, whudi is accurate when carried out in the following 
maniK'r; 0-7 gm. of ferricyanide is dissolved in al)out 50 c.c. of water, 
and to the neutral solution are addeni 3 gm. of potassium iodide and 
To gm. of zin<* sulphate (free from iron); tin; solution is tinm shaken 
and titrai(;d with •^/ 2 o thiosiilphativ The didermination of liydrohirro- 
cyank* acid by oxidation with iodine and titratnai with tliiosulphate in 
tlu! ])r(S(‘n<-<‘ of alkali liicarhonate (Rnppand Schiedt; J. S. {■. 1., 
1902, 21 , 10!)9), is found to he inaci-uratix 

Determination of Perrocyanides by means of Permanganate. 

II. () a tn p b e 11 ’ s '■' iiietluHl is iJtsed on the fact that the ferrocvanogeii 
eonipk'x Is coniplidely broken down hy heating with suij)lmricaci<l, and the 
iron salt, after reductuin to tin; lerrous state, is tinm titrated witli perman¬ 
ganate. 

Ib^a,gents reepured.—(i) Sulplmric acid, made hy diluting 5 volumes of 
the conconi rated acid with 1 volume of water. 

(ii) Decinornial solution of potassium permanganate. 

Mki’Iiodok I'roceduue : 1-5 to 2gm. of tlie finely powdered h'rroeyanide 
arc; introduced into a conical flask hy m(;an.s of a funnel. I’lie smallest 
possihlo ([iiantity of water is usc'd to rinse tho funnel into the flask, and 
then at ieact 30 e.c. of sulphuric acid (i) are added, acid of this .strength 
I>r(;ventingtlH* formation of white; scales of anhydrous f(;rrie sulphate, which 
an; very sftaringly solulde in waho’ and sulphuric, acid. Tin; flask is then 
heated over a small rose; dame until tlu; solution becomes i|uioseent. After 
ecx)ling and <lilnting, 5 gm. of i5inc (free from iron, or of known iron content) 
• 

’E. Muller and 0. Dicifentlialer, /. (inonj. r/uw., 1910, 87, 418-430; also, 
Meek 1 oil burg, /..a f'., 1910, 49, 322, and J. S. i!J., 1910, 29, 940 
A mtlysi, 1915, 40, 327 
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arc Wlion t,l)o whole of tlio ziru^ lias dissolved and tlic iron is com- 

plot-oly reducod h) the ferrous state, the funnel is rinsed into thcs ftask and 
the solution titrated with permanganate solution. 

1 e.e. % polassjum [M'rmangaiuite 0-0422 gm. K^FoCv^, 311,0 or 

0*0484 gni. NUiFeOy,, 10H„O. 

A “ hiank ” exiierimeiit witli lOgin. of tiie zine used should he niadi* with 
*'Aoo fiermanganati! and oae-tw(Uiti<*tli of the niiniher of c.e. I’lHiuired de¬ 
ducted from the huridti^ ri'adings in actual experiments. 

Tlie method is said to he of s|>o<dal value in determining tlu* d(‘gree of 
purity of ferroeyanl<les eontaining earhonate or sulpliate. Excellent results 
are nieorded. The metli(.»d is not suitable for the anaivsis of crude pOMiueds, 
as thes(‘. quite apart from tlie freejutmt tireseiiee of complex iron cyanogen 
derivati\cs oflicr than ferrmwamdes, almost invanahly contain iron wliiidi 
is not combined vvitli cyanogen. 

Commercial Ferrocyanides. 

Potassium ferrocyaniiie, Iv^Ke (CN)h, 3H..0 ^ 422*3ti, 

Sodium Nii^Ke (CN)rt, iok.,0 = 484*06. 

Calcium CaA'e (ON),„ 12il.;0 - 508*2:(2. 

Ail of the al)0\c are obtainirl as l»y-prodm*ts in tlii* coal-gas imlustrv 
from tlu! hydrocyanu! acid jWM'nt in the enalc gas. The crude pnxiiicts 
ill cacii case mav consist of th»‘- soluble potas'.mm, s(Klium, or calcium salt, 
hut usually tiii’ro arc also prcMUit iusoluhle ferrocyanides m the form of 
doul)le ferrocyanides i>f iron with these nudais or aminoimim, the nmoiuit 
of whi(‘ii liiw to he included in tile analytical nsults. Tlie piix!ii<*ts obtained 
from crnd(‘ coal-gas frc((ucntly contain, in ad<iifion, appreciable (piantitics 
of the very soluble carhoiivl ferrocyanide, Xa.,Ee(!0(0N)5, or sodium ferro- 
cyanide, Ke(CX)j, 4NaCX, in wliicli one moiomle of NaCN bus been re¬ 
placed by th(! radicle CO. In otlau* cases, such as tlie spiait oxide from 
gas-w<irks, the whole of the fernM-yanide present is in an iusoluhle rorm 
au<l, hefiue analysis, must he coiivertiKi intosoluhle salts. This is done as 
follows:— 

Tlie sample is ground, thoroughly niixeif, and a vveiglied portion (30 to 
40gni.) put into a mortar, caustic soda in excess and about 100 ec. of wat<*r 
julded, au<l allowed to stain! for several hours, with frequiait trituration 
witli the pestle, A few crystals of ferrous sulpliate may also he a4l<le(l, to 
bring alxmt tlie converMou of any cyani<le present into fcrrtM-yanide and 
the re<luetion of any ferricyaiiMe to ferrocyanide. Heat should not lx* em¬ 
ployed, as the pnKhuds mostly eontain hotli aninionia and sulphides or free 
suljihur, the latt«‘r yielding wxliiim sulpliide by the lu-tion of the XaOH, 
and in hot solution the alkali sulphides, in presen<*eof ammonia, effect a 
partial conversion of the ferrocyanide into sulphoc*yani<i(>, thus tending to 
make the fernK’vanide results low. In aliseiu^c of ammonia, howeviu*, 
boiling sodium sulphide has hut little action on ferrocyanide. Thi' mixture, 
whim decomposition is comjileti*, is cither tiltercd an<l made uji to 1 litre or 
it may Im* at on(.*e plac’ed in a litre Ihisk, made up to the mark, avd a further 
addition of water made ocpml to the volume of the insoluble matter jiresent: 
the whole is tlien well shaken, allowed to settle, and the elear solution 
taken for analysis. 
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Owing to tiio frequent presence of sulplio(.‘vanides and other oxygen- 
consuming bodies in the aI)ov<; pnxiucts tin; old metliod of titration liy 
standard p(5r!nanganate is inadmissible and the two following imdliods are 
now’ recommended 

1. JX'termination of tiie amount of liydrocyanic acid present CF e I d). 

2 . l)ir(M*t detei’mination of the f(*rrocyanide jiresimt by titration with 
standard zinc or cop[)or sulphate solution (Iv n u b I a u c h). 

'I'Ik! first method is diiscriliod by Dr. JI. G. Golmau^ as the one 
giving tli<5 mo«.t accurati! results, and is carried out as l{>ilows 

A (juantity of the solution, jirepariMl as descrilied altove, and cimtaining 
the (Mpiivalent ul 0’8 to (bo gm. of K^FeCys, is diluted with water in a large 
flask, niix<‘il witii 10 c.e. caustic soda, and heated to lioiling: to this 
15 C.4'. of hot magui^^ium cldoride solution (tilO gm., .MgCI,, OH./) [>er litre) 
are added slowly with (‘outmual sliakiiig m order to get a, milky pri'cipitate 
of magiii'sium hydrate, and tin; l)oiling continued for 5 imnutes and no 
more -the obj«4ct being to convert anv free alkali into magnesium hydroxides 
fff free cya.nidi! is also iiresent, the JfCN in this form is tlnm twolved, and 
may be condensed and collected for analysis, the boiling in that case being 
continued for a longer period.) 100 c.c. of boding mercuric chloride' solution 
(27’I gm. HgGL per liln') a,re then added, and the l»oiling continued 
for a lurth<*r 10 rninub's, all ferrocyanide hi'iiig thus converted into mer- 
euiric ewanidc. 'I'Ih' flask is then <'omiected to a condi'iist'r, 30 (M-, of4N 
suljihnric acid aelde'd by nu'ans of a sfoj)i)ered funnel, and distillation coii- 
tinin'd foi‘20 to 30 intmite's, the end of the ceinde'nser dipping un<ler the 
surface ol 25 c.c. of NaOH placed in the receiver. Tin* solution of 
sodium cyanide thus (ibtaiiu'd is now <]iliited to about 400 a crvstal of 
Kl added, and ^/lo silver nifrati' rim in from a burette' until a permanent 
yellow ])recipitate of Agf is obtaine'el. 

1 C.4'. % AgNO, -- 0-005404 gm. IICX 
and Irom this the amount of ferrocyanale is readilv calculate'd. 

K n u b I a u e- li ’ s method ctmsists in titrating tiic fcrr(M-yani(h' solution, 
aeidi(i('d with sulphuric acid, witli a standard solution of cop|«'r or zinc 
sulphate, using a ferric salt as imhcator. If the solution contains suli)hido, 
Miis is first, removed by shaking with lead carllonnte and (illi'i ing off the 
hi<a<l sul))liide and thi* excivss ol knid i-arbouat(\ In order lo obtain ac¬ 
curate n'snlts, it has hecn statwl to be lu'cessary to sbmdnrdiz*'. llte zinc or 
itopiicj- Solution with the same salt of forroeyanic ai-id as is iisc'd for tiie 
titration, owing to the influence of tin' soluble suljihate I'oriiU'd iluring tiio 
process. D r. 0 o 1 m a n 1ms shown, however, (hat, if the ferriR-yanide 
pi-eseiit is not fiotassium ferr(K*yanide, by adding 50 c.c. of a cold saturated 
solution of potassium suljtliale iKifore titration (ami the same (|uaiitily to 
tlu^ pure potassium h'l-rocyanide solution when standardizing tlu* eoppor or 
zinc solution) excellent ro.^uits are obtained. He iisi's standard solutions 
containing iO gm. crystallizeil (topper sulphate or (its exact mjuivalent) 
ll'51gm.ol crystallized zinc Hul])liate per litre. A standard solution of 
4 gm. crystallized potassium ferrocyanide jH*r litre, ('ipial to 2*044 gm. 
terroeyanicfieid If^Fe {ON)^, may used, 50 c.c. Ixung taken for standardiz¬ 
ing. 1 he end-])oint of the titration is determined either by filti'ring small 

^ .1 /ady.s/, 1908, 33, 261; 1910, 38, 295. ut. 
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portions of the liquid through Swedish filter-paper and adding ferric solu¬ 
tion to the filtrate, or placing a drop of the liquid on a drop-reaction filter 
pajK^r, followed by a drop of ferricj chloride so i)Iac(5d as to come in contact 
with th(^ clear wettcnl portion only of the lii*st spot. 'I’lio titration should 
he carried out in a good light. The amount of dilution and degree of 
acidity, within reasouahle limits, affect the result hut little. 

Dr. Skirrow^ recommends stronger solutions than those given 
alxne. lie uses solutions of 50 gin. erystalliziMl sodium fernx-yanide and 
46‘5gm. of zinc sulphate per litre, and in making a test always ae-idifies 
witli 2 e.c. of dilute If.SO^ (1: 2). He states that with tlie moi'(‘ concen¬ 
trated solutions a sharper end-poiut is obtained and that tin* effect of tlie 
pr(‘senc(‘ of excess of alkali sulphate is minimized. 

The presence of carlionyl fenwyanido interferes with th(^ analysis in 
both of the methods d<*scril)(Hl alxive, as it is precipitated along with the 
ferrocyanide by botli zinc and copper solutions, and the liydrwyanic aci<l 
from it i.s determined along with the le.st by the Feld method. Dr. 
0 01 m a n use.s a simple nietliod of separation based on flu* fact that the 
carlK)n>l ferroeyanklos are readily soluble in dilute! alcolio) whilst ferro- 
cyanides are insoluble. To the solution of ferroi-yanides, which must he 
alkaline or neutral, four or fiv<5 times its volume of metjiylate<l spirit (in¬ 
dustrial aleoik>l) 18 added, the mixture is allowed to stand for sm eral hour.s, 
and tilterc'd. The precipitate is washed with a little nuithylafed spirit 
and drie<l in the water ovcin. The filter ])a[jer and pn!ei])itat<! arc! then 
transferred to the titrating basin, water added, the li(/uid acidified, and 
then pr(x*eeded with as described akwo, or simply dissolved in watei* and 
treated by tlie F (• I d pnxMiss. 

Determination of Ferrocyanides. 

H. PI Willi a ms’s metliod.^—'I'his melluxl is applicable to any teiTO- 
cyanides, soluble or insoluble, also to the s[»ariiigly s(»lul)Ie double ferro¬ 
cyanides, sncli as those of calcium, potassium, magnesium, ammonium, 
et<!. Briefly, the method consists of the distillation of the fernH.'vanide to 
he determined with a little cuprous chloride and a dilute acid, wlien the 
whole of the cyan<‘>gen eontcnls of the b'rrocyanide are <lriven off as hydro¬ 
cyanic acid, which is al).sorlK‘d by caustic alkali solution and then titrated 
with standai'd silver nitrat(! solution. 

The 1‘hock.ss (u) For Ferrocyanides. Dissolve 0-5 gm. of the fm-ro- 
cyanide in 100 c.c. of water and transfer to a 250 to fiOO e.c. distilling flask, 
add 0*05 to OT gm. of cuprous chloride, dissolved in a few ilrops of HCl or 
a saturated solution of NnCl or KCl; gently shake the flask to mix the 
constitu(!nts, and then add 25 to 30 c.c. of 4N. lIoSO^. The, mixture is 
then distilled through a condenser into absorption flasks containing NaOH 
or JvOH. After about half an hour’s boiling the oiK^ratioii will bo com¬ 
plete and the whole of tlie eyanc^^cn in the absorption flasks. The latter are 
tlieil emptie<l into a licaker, flasks and condenser washed out with distilled 
watei', and the cyanide determined in the usual way with^**/io AgNOj 
solution. {Note .—It is advisable to wash the cuprous ehlorido with a little 


'.A-y.C'./., 1910,29, 319. 


« Ifm/., 1912, 31. 468. 
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dilute n^SOj iK'fnre addin^f to the forroeyanide, to remove any cupric 
chloride usually present on tin* commercial article.) 

Larger (piantities of the lerrocyatude may he used if desired, in which 
ease very little more (2 to 15 pm* cent, of the ferrocyatiide taken) cuprous 
cihloiide will he re(juin;d. It is wiiil to rememl>er, however, the extremely' 
poisonous nature of HCN, and the fact that a dilute solution of cyanide is 
recjiuinsl for titration. 

(h) For Insoluble Ferrocyanides. If the sample is in the dry state, it 
must first be ground t<» a fine powder hidore adding to the still, and in the 
eji.se of ferric ferrocyanide, such as Prussian blue, more ciija-ou.s ciilorrde 
than tli(‘ amount mentioned above sliould lie a<l<led. All that is necessary 
is to add 0-5 gm. of the finely ])owtlercd feiTOeyanide to tin; still, with about 
100 c.e. of water and tlie rcipiisite (piantity of acid and cuprous chloride. 

(c) For cyanogen mud or spent oxide (/Products of the [inrilii-jition of 
coal gas). Th(‘ sample is fir^t carefully dried at GO'^C., at which tcinfR^ra- 
turo no Jf( is lo^f^ I'xtracted hy CS., ()>est in a S o x h I e t tube) to remove 
all flee Mii])linr, then Jioili'd with caustie soda or potash, filtered, washed to 
a definite volume, and a portion of lh(( lir|nid is distilled with eujirous 
chloride and siilplinrie aeid as in (e). Should thioeyanates lx* present an 
extra amount of cuprous cliloride sliould he added suPficiont to precipitate 
them. 


Potassium Ferricyanlde. 

= G58-4. 

Metallic iron x 5'805 - Potassium ferricyanide. 

Ferrous anini''nnim snipliate x 1-G84 = „ „ 

”/io Tiiiosiilj)liat(' X 0'0:t292 „ ,, 

By Iodine and Thiosulphate. 

’I'liissall can lx* <leiermined eiilii'r by reduction to fernx'vanide and 
titration uilh jx'rmangiuiate or dichromate, or by Le n s se n ’s’ method, 
wliicli is based ujxai the fact that when jxitassium iodide' and ferricyaniile 
are mixed will) toh'rahly conc(*ntrated liydrochloric acid iodine is .set free. 

- ^KiI’VCy„ + L 

the (jnantity of whii'li can he deb'rmiiK'd by *^/io thiosulphate and starch. 
This nietJuxl does not, however, give the most satisfactory results, owing 
to the variation produced by working with dilute or concentrated solutions, 
the r('•^<•tlo^ Ixung reversil)lc. 'I’he modification givi'u under Zinc, is, 
how’ever, more accurate, and is as follows: The ferricyanide is dissolved 
in a convenient <juantity of water, jxttassium iodide in crystals added, 
togetlier w'ith liydnxdiloric acid in tolerable (piantity, then a soliitjon of 
pure /iiie, sulphate in excess; afti'r standing a few miniib's to allow of 
eom])lote decomjxisition, th(' oxeess of aeid is slightly ovi'r-nentraiized by 
addition of >.o(|inm earbonafe. 

At tills a4age all the zinc ferrii-yanide first formed L converted into the 
lerrocyanidc of lhat metal, and an e<iLiivalent (pianfity of iodine set free, 

Llrt/o Chnti., 9t, 240; ibid. (Mohr), 105, GO. 
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wliieli can at otico )k! titrated with thiasnlpliato ami starch, and with 
voi'v j(rcat (‘xactncss. 

1 c.c. ** JO thiosulphate = ()'0.'I292 gni. potassium f(‘rrioyanide. 

Anotlier mctimd consists in boiling witli excess of potasl), then cooling, 
and adihng JljOa till tlie eoloiii- boconios yellow. The excess of the per¬ 
oxide is then boiled off, H.,S(h added, and the solution titrated with 
permanganate. 


Reduction of Ferrl- to Ferro-cyanlde. 

This process is, of com se, ne(*essary when the determination by per- 
mang.inate has to be jna<lo, and is best effected by Inaling the weighed 
fei-i’icyanid(‘ with an excess of potash or soda, and adding small quantities 
of eoniauitrated solution of ferrous sulphate until tlu^ precipitate wliieh is 
formed possesses a blackish colour (signifying that the magnetic oxide is 
formed). The solution is then diluted to a convenient ((nantity, say 
300 C.C., well mixed, and tlih^ed through a dry filter; 50or 100 c.c. may 
then bt‘fak(*n, sulphuric acid add<Ml, and titrated witli permanganate as 
liofore described. 

K ass ner ’ suggests tlic use of saliuni |)eroxide for tlte nshiction of 
ferri- to ferro-cyanide as being ra})i<l and (xmi))lete. About O-o gm. in 100 
c.c. water re<juiros al)out 0-00 gm. of the peroxide; the juixturi; is heated 
till ail offei‘vcsconc(i is ovx'r, acidihed with sulphuric aci<l, cooled, and titrated 
with [)ermanganatc in the usual way. 

THIOCYANATES. 

Volhakd’s method is dc'sci-ibed on j). 150. 

For lhcd(‘termination of thirK-yanic acM in combination with the alkali 
or t^arthy bases, B a r n c s an<l idd 1 have devised a motluxl wliieh is 
easy of application, and gives goexi tecimical results. It is not, however, 
a\Hilable for gas liquors. 

The rnetlKxl depends upon tin* fact that wlien a solution of a cupric salt 
is added to a solution of a thiocyanate in firesem'c of a re<lueing agent, as 
sodium )»isulphite,theinsolul>le cuprous salt of thimiyanic acid is pr(;cipitatwl, 
tlie end of tlie reaction being ascertained liy a drop of the solution in the 
flask giving a i)rown coloration when hrought in contact with a drop of 
forrocyanide. The following reactions take place : -- 
2CuSOj + 2K8CN + Na,SO, U,0 = 2CuSCN + K.ROj + 2NHHSO4 
and 

2CUSO4 + Ba SCN)2 + Na.SOj + ft.O - 2CiiSO]\ + BaS04 + 2NafIS04. 

The following solutions are ro<iuired 

1 . A standard solution of copper sulphate containing 0-2430 gm. per litre, 
1 c.e. of which is equivalent to 0-00145 gm. SC'N. 

2. A solution of sodium bisulphite of specific gravit y 1-3. 

3. A solution of potassium ferrocyaniiio (1 : 20). 

Method of Procedure : About 3 gm. of the sample are Xvcighed from 
a Htopix*red tube into a litre flask, dissolveii in water, and mailo up to the 

1 Arch. Pharm., 233, 226. V. 8. a /., 1883, 3,122. 
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mark. Aft(U‘ well mixinf?, 25 c.c. are measured into a Hank, al)out 3 c.c. of 
the l>iMul[)hite a<ld(Ml, and the whole )K)ilod. Whilst tliis is heating a hurotte 
is tilled with the (•oi)i)OJ- solution, and a white ])or(*<‘lain slal> is spotted over 
with the remicyanidc'. When the lupiid in the tlask has reached the \mi\- 
ing|n)iiit, 20 c.c. of the copper solution are rim in, w<dl sliaken, the pre- 
cipitat(* allowed to st‘ttl<i for about a minute, a drop is taken out hy nu'ans 
of a glass rod, and brought in contact with a drop of ferrocyanido, an<l 
slioutd 110 brown coloration ap|)(‘ai‘, more of the copjMU’ solution is run in, 
say 1 c.c. at a time, and again tested. This is contmued until a <lroi)gives 
a colour immediately. Hy this means an a[)proximation to tin* truth is oli- 
taiiKMl. ft will l>e observed during a titration that the mi.X(*d drops, aftm* 
standing for a inmub*, or cweii less, prodiu-i; a brown tint. It is of the ut¬ 
most inijiorlaiKa' that tlu^ coloration be tmimdiah’. 

A si'cond 25 c.c. of the tlii<H\\ana(e solution an* run into a clean llask, 
the hisiilphite added, and l)0il<*d as liefore. 

8ii))]h»s(‘ that in lh<^ first cxpevimimt, after an addition of 27 c.e. of i-opper 
solution, no colour was formed witli ferrocyanide, hut that 28 c.c. gave an 
immediate colour; thi'ii ill tlie second exjieriment 27 <‘.c. an* run in at once, 
and the Inpiid is again tested, wh»*n no colour should a]>|)(*ar. 'i'ho copjitu- 
solution is then rim in droji by droji until there is a slight excess of eopiier, 
as [iroved by tln^ delicate reaction with tiie ferroiwaiudi'. The secoiul 
experiiiK'iit is thus rendered more exact by the experience gained in the 
first. 

Ae4-ording to .Sithrddor,' thiocyanah^s can he d(‘tennined by means 
of ))(‘rm!mganafe, the reacfion being approximately (pumtitative acconimg 
to th(‘ i‘<{ualion 

ilSCX + 0, - so, -I- IK’N 

when N/io solutions are employed and when tlie mangaiK'se is precipitated 
hv sodium earlionah', r<Mlisso|\e<l in HOI and again titrated. A correet 
determination of tiuocyanie acid may, however, lie made hy adding a 
definite \olnm(‘ of the thioeyan-ib^ solution to a known excess of warmed 
pi'rmangaiiate solution aeidified with suljihurie and phosplioric acids, de- 
<‘OmiH'sing th(‘ (‘xcc'ss of permanganate l>y the addition of an excess (>f 
either standardized oxalic acl<l solution or hydrogiai peroxide, and titrating 
tlu; lalt<‘r with permanganate. 

Tor tlif* determmatiaii of thioeyanates and fiuTocyanides, etc., in cyanide 
Solutions containing copper, see Green.* 

Determination of Thiocyanate in the Presence of Cyanide.—J)eter- 
mine the cyanide by Liebig’s method, aild more than enough standard 
silver solution to comldne with the tliioeyanate, acidify with nitric acid, 
make up to a definite volume, filter through a dry filter, and titrate the 
excess of silver in an aliquot portion of the filtrate by Vol hard’s 
method. 


L/. K C. 1909, 28, \0m. 


2//h7., 1908, 27, 108.^ 
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GOLD. 

Au = 197*2. 

1 of normal oxalic acid = 0*0657 gm. Gold. 

The toclinical assay of gold for coining puri> 08 e.s is irivarialily }>crfornHMl 
by cnjx'llation. Trichloride of gold is, ho^vovcr, largely used in j)liotograi>hy 
and electro-gilding, and Mi('reforo it may be necessary somctinios to ascen*- 
tain the strength of a solution of the chlorale, or its value as it occurs in 
coinincrce. 

If to a solution of gold in tlu* form of<-hloride (fr^^e from niti'ic ?i.(;id and 
the fri'c liydrochloi’ie acid nearly neutralized by ammonia) an excess (if 
oxalic acid be added, in the courwi of from 18 to 24 hom*s all tli(i gold will 
bo i)rocipitat(‘d in the metallie form, while th(A corresjionding (juantitv of 
oxalic acid has been dissipated in th(‘ form of carbonic acid ; if, therefore, 
the quantity of oxalic acid originally added be known, and the (‘xecss, 
after comphde precipitation of the gold, la^ found )»>' permanganate, the 
amount of gold can l)o as(;(wtained. 

A more rajiid metliod (jonsists in Ixtiling tlie neutral gold solution with 
an excess of standai'd solution of iKitassium oxalate containing 8-3 gm. of the 
jiuro salt per litre, and titrating ))ack with a permanganate' solution which 
lias the same working stnuigth as th(3 oxalate. Each c.c. of oxalate solu¬ 
tion deeom])osed repn'sents ()‘00057 gm. Au. 

Tlie determination of small proportions of gold in solution (/an [»e done 
by iodiiK' and thiosnijdiato as shown by Pete rsen,^ and tlie nn'thod lias 
h(‘on verified by F. A. Goocli and F. H. Morli'y.” Tlu'se diemists 
found tliat the reduction of the auric salt with the consj^pient lihi'ration of 
iodine was ‘-omewhat influeiKMul hv the volume of the solution, the amount 
of iodine ]ircscnt, and the time of action. Tlieir experiments showi'd that 
till'hi'st effects wore olitaiiK'd in a solution of pure gold cliloridc of about 
0*8 gm. of the salt to tlie litre hy using0*1 gm. KI to volumes of tlu' chloride 
ranging iH'tween 25 and oHc.c. The icxline and thiosulphate solutions us('(l 
won' aliout *^/ioo strength and verified iigainst each other. The solid ion (jf 
KI contaiiKMl 10 gm. p(‘r litre. 

Method of pHorEDuuE : Tlie gold solution is measuri'd from a Imivtte 
and the jiotassiimi iodide addl'd m the proi>ortion above mimtioned ; there 
must always he more tlian eiiongli of this to ri'dissolve the aiiruiis iodidi 
preeijiitated at first. A clear solution of starcli is then addl'd, and the blue 
coionr produced by it is jusf removed by tliiosulphafe. The standard 
iodine is then added until the liquid assumes a faint rose eolour, and the 
amount of gold is obtained. Of eoiirse the gold value of tliestandanl solu¬ 
tions must be ascertained by experiment upon a jiuregold solution of known 
strength. For very small quantities of gold solutions of iodine and 
thiosulphate may he used with gixxl effi'ct, but in this case a correction of 
0*1 e.c. for the iodiru' ninst he allowed for volumes noi, exci'cding 30 c.c. of 
tlie gold, because that is tlie amount required to bring out the rose colour 
in a blank ex|>crim(uit. In the practical use of this process Vor the deter¬ 
mination of metallic gold, the metal can of course lie got into solution by 

^Z.f. Amrg. CVtc/H., 1899, 19, 63, Jour. Sct.^ October, 1899. 
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chlorine water or aqua regia, but in the removal of the oxcorh of the oxi- 
diz<u* l)y evu{)oratioii it if? difficult to ])r<'iV(mt the fonnation of aurouf^ chloride. 
Gooch and M or I c y, however, found that by adding ammonia in e\<'ess 
to the solution, lioilinggently, acidifying with UCI, an<i heating if in'ccssary 
to redissolvc the pnaijntate by ammonia, again treating with ammonia and 
heating, and once more acidifying, tli(‘ ammonium chloride so formed acts 
apparently in jinxlucing a clesar solution ?■(^ady for titration. 

Colorimetric Determination of Gold in Ores.— This method is men¬ 
tioned in Rosei^s Mctalluryy of Gold as being of service. 

Method of [^roceouue ; Take 100 gm. of the on', or loss if more tliau a tface 
of gold, and heat it in a stoppered bottle for some liours with 10 c.c. of bromine 
and KK) c.c. of water. Then filter oH tlie liquid, and wasli the residue several 
times with water. Evaporate the 61trate till it no longer smells of bromine. 
Make it up to 100 c.c. and raise it to boiling. Place 5 to 10 c.c. of afie.sh saturated 
solution of stannous clilorido in a beaker and rapidly pour upon it the boiling ex¬ 
tract. A precipitate wdl form and sink to tlio bottom. If no gold be present the 
precipitate lias a slight bluish tint, (fold causes it to be purplisli red to blackish 
purple, accoidiiig to tlio quautity present. The gold is deteiiniued by taking 
sinait quantities of standard gold solution, making up to 100 c.c., boiling and 
pouring into stannous chloride, exactly as was done with the ore extract. In this 
way tlu' gold can ho approximately determined. The gold present should bo be¬ 
tween 0 0001 and O’OOOOil gm. If there bo more than 0‘0(X)i gin. a more dilute 
extract of ore should be prepared. If less than 00(XH)2 gm. be ]>resent a larger 
quantity of ore sliould be used. 

Determination of Gold In dilute Cyanide Solutions.— J. Moir’ gives 
the following rapid method : 100 c.c. of tlio solution are boiled for 2 minutes 
witli about 1 gm. of sodium peroxide, to destroy cyanides. Next, two drops of 10 
per cent lead acetate solution are added, and about 0*2 gm. of alummiiim powder 
is stirred in. Metallic lead is thus precipitated, and the gold is also extracted by 
the galvanic action. The wliolo is filtered wlion the aluminium has dissolved 
(the filtrate being free from cyanide as well as gold). The black precipitate is 
dissolved in 10 c.c. of boiling 00 per cent, aqua regia, and treated carefully with 
stannous chloride solution until the yellow colour is bleached, wliereupon the 
purple tmt (purple of (iassius) develops, and is constant after a minute. It is tlien 
compared with a set of artificial standards, after making tlie liquid up to 15 c.c. 
in a tulxi of fixed diameter. The standard tubes are fihed with a permanent 
imitation of “ purple of Cassius,” made by mixing copper and cobalt salts m the 
required proportion. They are standardized empirically. The shade is easily 
visible with solutions carrying 1 part of gold per niillion.and by looking down the 
tubes (as in nesslerizing), 2 graims per ton (1 in seven million.s) can be detected. 
Of course, even less than this can bo recognized, if more than l(X) c.c. of solution 
be used at the beginning. 

IODINE. 

I = 126-92. 

I. By Distillation. 

Free ioiKne is of course very readily determined by solution in ixitafl- 
siuin iodide, and titration with starch, and *^/io tiiiosulpliato, as descrilnid on 
p. 134 et. se.q. 

‘./. K (\ A, abstr., 22 ,1267. 
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(’umbinod itKlino in haloid salts, such as tlu> alkali iu<.(id(^s, must bo sub¬ 
jected to distillation with liydroclilorio acid and some other sul)stanco 
capable of assisting in the liberation of iodine, which is received into a solu¬ 
tion of j)otassiiini in<Ii(lc, and then titrah'd with tlii(isulphate in the 
ordinary way. Such a snl)stan4‘o pn'sonts itself lK.‘st in the fortu of fen-ie 
oxide, or some of its <*oml)inafions. If, therefore, hydrcKlie aei!, or, wlmt 
amounts to tlie .same thing, an alkali i<Klid(*, be mj\(‘<l with an I'vcess of 
ferrie oxide or chlorideand distilled in the apparatussliown in fig. or 3G, 
the following riNiction occurs 

* tv./), -i 2HT - 2FcO + H..() + 

Tlie liest form in which to use the ferric oxide is iron alum. 

T)h‘ iodide and iron alum having been brought iiito the little flask (fig. 
30', sulphuric acid of about 1’3 sp. gr. is added, and tlie <‘ork carrying the 
distillation tub<* inserted. This tulje is not carried into tlie solution of 
potassium iodide in this special case, but within a short distance it; and 
the mid must not be drawn out to a fine jioint, as there reprcs(>ntcd, lait 
cut off straight. Tin* reason for this arraugmneut is that it is not a chlorine 
distination for the purjiose of setting iodine free from the iodeh* solution, 
as is usually the cas<*, Imt an actual distillation of iodine, which would 
speedily ciiok(‘ up the narrow point of the tube and so previmt the furthm- 
jirogress of the operation. 

As the distillation goes on, the steam waslies tlm coiKlmised iodmo out 
of the tube into the solution of iodide, wliich must be )>reseut in sufTieient 
^luantity to absorb it. all. When no more violet vapours are to Ix' se(*n in 
tlie flask, the operation is ended ; but to make sure it is well to empty the 
solution of iodine out of the condensing tube into a beaker, and put in a 
little fre.sli iodide solution witli starcli, then heat the flask again; the 
slighte.st traces of iodine may then Ijc detected liy the jiroduction of the blue 
colour vviien cooled. Wlien this takes place the distillation is <xmiinued 
a little wliile, tlien both liquids are mi.xed, and titrated with ^/lo thiosulphate 
as usual. 

It has been previously stated that the rubber joints to the special 
apparatus of F r c s e n i u .s, B u n s c n, or Mohr for iodine ilistillation.s 
arc objectionable. Topf * avoids this by so fitting bis apparatus tog(*thcr 
that, although rubber is used the reagents do not come in contact with it. 

Another form of apparatus designed by S t o r to n b eke r • is shown in 
fig. 40, in which rubber joints are entirely dispcnseil witli, and glass connec- 
tion.s alone used. Tlio connection bi^twcen the di.stilling tubi': and tlie al)- 
sorhing apparatus is a water joint, tlie tube resting in a socket kept wet 
witli water, the cliloride of calcium tube is filled with glass heads, 
moistened with concentrated solution of potassium iodide, and the connec¬ 
tion with the absorbing apparatus is ground in like an ordinary stopper. 
The ab.sorbing bulbs are immer^ed in water to tlie middle of tlie bullis, and 
the immersed portion partially fillixl witli iodide solution. 

Ferric chloride may lie used instead of the iron alum, l.ait it must be 
free from nitric a(nd o?' active chlorine (Ixcst prepared from dry Fe^Oj and 
HCi). 

The iodiilosof silver, mercury, an<l copixu’cannot be aeeiiratdy analysed 
1 a. a. 1887, 26, 293. VAu/., 1890, 2B, 278. 
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in this way, but must Ix^ sjx'uialjy treated. They should be dissulved in 
the least possible (piantity of sodium tliiosulphatc solution, and i)reeiiiitatcd 
boiIinf{ with sodium sulphide, then filtcn'ed ; tlie filtrate contains the wliole 
of the iodine free from metal. The filtrate is eva])orated to dryness and 
ignited, then dissolved in water, and distilled with a good «‘\eess of bn-ric 
salt.^ 

3, Mixtures of Iodides, Bromides, and Chlorides. 

Donath^ has shown that iodine maybe aceurately determined by 
distillation in tin; [)resence of other halogen salts by means of a solidion 
containing about 2 to per cent, of cliromie mnd free from suljilmric .acid. 

In th(5 ease; o| a uuxtui'o of iodides and eiiloiides tin; action is ])erfcctly 
n'gular, and tiu* whole ol lini io<lino may be received info j)Otassinni iodide 
without any interforemee fi om the chlorine. 



In tlu* (aise of lu'omides being ]>res(*nt, tin* chromic solution must he 
rather more dilute, and the distillation must not l>o conlinned for more 
than two or tliree minutes after ebullition has commeneed, otherwise a 
small amount of Ijromide is decomposed. 

'I'lie reaction in tlie ease of potassium iodide may lx? (expressed thus 

fiKl + 8CrO, = 31, + Cr.Oa + 

J lie distillation may he made m Molir’s a])paratus (fig. 3G), using 
about 50 (i.c. of (diromic solution for about 0*3 gm. I. 

The titration is made with thiosulphate iii the usual way. 

A much less troublesome method of determining iodine in tlic presence 
of bromides or (dilorides has been worked out by C o o k,-^ and d(^pen(is on 
the fact that hydrogen peroxide liberates iodine completely from an alkali 
base in tlie jiresenc'c of excess of acetic acid, while neitlior broniim* nor 
chlorine is affected. 

^Mf'nael, r., 1873, 12, 137. 

“./. A, 1885, 471. 


2/. fl. r., 1880, 19, 19. 
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Hyclrogon peroxide alone will only partially liberate iodines from potas¬ 
sium iodide, but with excess of a weak orjjanie acid to coinbiiu? with the 
alkali hy<lroxido, the liberation is complete. Strong; jninoral acids must 
not lie used, ns l)ronilne and chloniK*, if )>res(!nt, would Hhoi 1k! set free 
also. 

Mktiiodok Pkoceduke : The solution is stron<(ly acidilied with acetic 
acid, and sutTicient hydrogen jieroxide a<lded to liberate tlie iodines (5 c.c. 
will sufrn‘(! for 1 gm. Kj\ Tlie mixture is allowed to stand fnan lialf an 
liour to ail hour; the whole of tlio iodine separates, some being in the 
s61id state if (he <piantity is cunsalerahlo. Olil'Toform is now added in 
suffieient volume to dissolve tlie iodine, tlie solution siphoned oft, and the 
globule repeatedly waslu'd with small quantities of water toreniovi? excess 
of peroxide, then titrated with tluosulphat,<\ with or without starch, in the 
usual way. If the p(*roxide is not coini)lef(dy roinove<l l)y washing, it wall 
dec'onipose tiio sodium iodule produced in the titration, and so liberah^ 
trac(‘s of iodine. 

The results obtained by Cook in mixtures of bromide^, iodides, and 
chlorides sliowed about 00 f>er eent, of the iodini^ pr(*sent. 

Gooch and KrouMiing' puhiish a niethud of ilelermining iodine 
in halogen salts of tho alkalies wJiich gives excellent results, and wliich is 
based onthe fact that arsenic acid in strongly judd solution liberates iodine*, 
becoming itself reduced to avsenions aeid, a(‘cording to the e(ntation 
H,AsO, + 2111 ^ II,AsO., + 11,0 + r,. 

A series of very careful ex[terimonts are detailed in tlie original pap(‘r, the 
outcome of tlie whole being snmmarwed in the following process 

Method OF PROCEDiiRii: The substance (whicli should ii<it ('onfaiii of 
chloride more than an amount corresjiunding to 0*5 gm. <»f sodium citloride, 
nor of bromide more tlian corresponds to 0*5 gm. of potassimn bromide, 
nor of iodide much more than the equivalent of OT) gm. of potassium 
iodid<^) is dissolved in water in a conical Ixaiker of 300 c.c. cai>acilv, ami b* 
tho solution are added 2 gm. of potassium Idnarsenab^ <lis^,oIvod in water, 
20 c.c. of a mixture of sulphuric acid and water in eipial vo]nine.s, and 
enough water to iiKTcase the total volume to 100 c.o. or a little inoi-e. A 
platinum spiral is introduced, a trap made of a straiglit two-bulb drying 
tube, (Uit ort short, is hung witli the largm- end downward iii the ne(;k of 
the hask, and ti»e li(]uid is boiled until tlie level reaches a mark {lut upon 
tlie flask to indicate a volume of 3o c.c. Gr<‘at care should be taken not to 
press the concentration beyond this point on account of the double danger 
of losing arseaious chloride and setting up reduction of the arsenate by tlie 
bromide. On tlie otlier liami, though 35 c.c. is the ideal volniiK* to he at¬ 
tained, failure to eoncimtiate bi'low 40 c.e. introduces noapjireciablc error. 
Tho liquid remaining is cooleil and nearly ncutrali/ed by sodium liydrato 
(ammonia is not equally good), neutralization is comiiletod liy iiotassium 
bicarbonate, an excess of 20 c c. of the saturated solution of the latter is 
added, and the ai’scnious oxide in solution is titrated )>y .standard iodine In 
the presence of starch. 

With ordinary care tlie method is rapid, reliable, and easily executed, 
and the error is small. In analyses requiring extreme accuracy, all but 

^ .imer. Jour, 39, March, 1890, also iV., 1890, 81, 279. 
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ActMdontal errors may bo oliminated from the results by applving the 
following e()rr»‘ctions. These? corrections are baseel on a lonj^ serh?s of 
expei'iinents, vvhiedi cannot w<‘ll U? giv(*n here, but tin* r(‘siilts may Ik? 
stab‘(l shortly as follows:— 

Wiicii no cliloriele or In-omide is prescMit tlie iodine may be determined 
with a m(;an error of ()-2 mgm. in 0'5 gm. oj- so of tin* alk?di iodide. When 
sodium chloride is ])resent, there is a slight deficiency in iodiiu* which is 
pro]iortioiiaI to the amount of iodide decomposed. For about O’DC gm. of 
])otassium iodidi* and 0-5 gm. of sodium chloride tin? didiciency in iodine 
amount(‘<l to O'OOll gm. When the iodide is decreased, say to one-hmtli or 
less, the d(?ficiency falls to0-0t)02gm. The presonci? of jiotassiiim bromide 
lilKM-ates trae(?s of bromine, and eonse(piently increas(‘s the AsO^, and 
gives aj>i)ai'ent exc(‘ss of iodini*, the mean error beingO'OOOH gm. for O’o grn. 
of bromide. 

The simidtaneoiis action of the clilorido an<l bromide h'nds of couive to 
neutralize the error du(? to each. Thus, in a mixture weigliing about 1'5 
gm. and consisting of sodium cliloridc, potas>ium bromide, aii<l potassium 
iodid(? in iMjual parts, the mean error amounts to - 0-()(X)3 gm. The largest 
err<n' in the series,»is + 0-()01C gm , wIkmi the bromide was at i(s maximum, 
and nn ditorale was present; and tlie n(?\l largest was - ()-00K3 gm., whi;n 
the clilori<le was at its maximum and no hrnmhie was pn'stml. 

From a seiics of (•xperimeiits detailed in the original paper it was de- 
<htre<l that tin? amount of iodine to he added, in each case, may he obtained 
b> niiiltiplving the product of th<‘ weights in grams of sodium chloride and 
]H)lassium iiKlidi' l)y tlu^ constant 0'004 ; and tin? amount to h<‘ subtracted, 
by muili|)Iviiig the weight in grams of jKitassium bromide by O-OO't); hut 
in or<l(M' to inak(‘ usc of lh(‘se corrections the ap])ro\imat(‘ amounts of 
thes(! salts pr(‘s(‘nt must he known. 

For the delcrniination of iodides ami bromides in the pri'senee of 
chlorides, see an elaborate paper by J.. W. Winkler^ (llUn). 

3- Titration with ” io Silver Solution and Thiocyanate. 

The thiocyanate and silvm’ solutions are described on ji. 15b cf seq. 

Tin? iodidt? is dissolved in 300 or 400 times its wiaght of water in a well- 
st()))p(‘r<'d Hask, ami ^/i© silver d(‘livcrc<l in fj'om the Inirctfi? with constant 
shaking until tlie pi'eci])itate <-oagulates, showing tliat silver is in excess. 
Ferric indicator ami nitric acid arc then added in proper )iroportion, and 
tin? excess of silver d(?termined by thiocyanate as described on p. 150. 


4 . Oxidation of combined Iodine by Chlorine (0 oilier Besseyre, 
and D u p r 6). 

This wonderfully sharp method of detorininiifg iodine (leiH.?nds upon its 
conversion into iodie acid by frei? chlorine. When a solution of potassium 
iodide is tn^ated with successive quantities of chlorine water, iodine is 
liberated at first, then chloride of iodine (Id) formed. If starch, cliloro- 
form, benzofe, or bisulphide of carbon be a(!ded, the first will be turned 
blue, wliile any of tlie others will bo coloured intense violet. A further 

an!/nr. C., 1915, 28, 477 and 494; ./. A'. C. A, 1916, 35, 305. 
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addition of cldoriin^ in sufliciont ijnantity, produces penta(?ldorid{* of iodine 
(ICI5), or ratlier, as water is present, iodic acid (IO3U). No coloration of 
the al)ovo substances is produced by these compounds, and the accuj'acty 
with wliieh the reaction takes })laco has Inieti made use of by (1 0 i f i e r 
B e s 8 e y r e, and I) u p r e, indepcmdently of each other, for tlic purpose of 
determining iodine. Tlie former siiggest(‘<l the use of starch ; tln^ latter 
chloroform or benzole, witli v<^ry dilute chlorine wah^r. D u |i r P s method 
is preferable on many a('connts. 

Example : 30 c.c. of weak chlorine water were put into a iMvikiU’ with 
potassium iodide and stan-h, and then titrated witli ^/lOO lhiosul})hate, of 
wliich 17 c.e. were ro^iuired. 

10 c.c. of solution of potassium iodide containing 0 010 gm. of iodine 
w<!re put into a stoppered bottle, chloroform added, an<l tlui same chlorine 
water as above dolivei'od in from the burett<\ with constant shaking, until 
the red colour of the chloroform had dlsappoansl: t)i<'quantity usikI was 
85*8 c.c. The excess of chlorine was then ascertained hy ad<ling sodium 
))icarl>ouat.e, potassium iodide, and starch. Asliglit blue colour was pro- 
(liiced ; this was remov(Ml by ^’/loo tliiosulphate, of wliich 1*2 c.c. was used. 
Now, as 30 c.c. of the chlorine solution re(juire(] 17 c.c., the Bo-H c.c. re¬ 
quired 48*(i c.c. of thiosulphate. From this, liow(‘ver. must he deducted the 
1*2 c.c. in excess, leaving 47*4 c.c. %oo - 4'74 c.c. of ”10 solution, which 
multiplied by ()'00211, the one sixth of rffion (hj. (1 (Mp of iodic acid liberat¬ 
ing C eq. KKlino), gave O-OlOO gni. iodine. 

M 0 li r suggests a modification of this metluHl whi<'h dispenses witli the 
ii.so of chloroform or otluT similar agent. 

The weighed iodine compound is brought into a stojijicn'd llask, and 
chlorine water delivered f?-om a large burette until all yellow colour has 
disappeareel. A droji of the mixture brought in contai't with a drop of 
starch must produce no blue colour; sodium bicarbonate is tlien added till 
the mixture is neutral or slightly alkaline, together vvitli potassium iodide 
and star(;h; the blue colour is then removed by tliiosulphate. The 
strengtli of the chlorine water being known, the calculation jiresents no 
difficulty. 

Mohr obtained by this means I’OIOI gin. iodini*, instead of I'Ol gni. 

5 . Oxidation by Permanganate (Rei n igeb* 

This jirocess for determining iodine in presence of bromides and chlor¬ 
ides gives satishu-tory results. 

When potassium iodide and permanganate are mixiid, the rose (H)lour 
of the latter disapjicars, a brown jireoipitate of manganu* peroxide results, 
and potassium Itydroxide with potassium iodide remains in solution. 1 eq. 
I (= 126*92) reacts with 1 eq. K^MiiaOs (= 310*06), thus— 

KI KaMliaO, -h HaO = KIO, + 2KOH + 2MnO,. 

Heat a(icelerates the reaction, and it is advisable, especially with weak solu¬ 
tions, to add a small (quantity of potassium carbonate to incre^ise tlie alka¬ 
linity. No organic matter mu^^t i>e jtresent. 

1 Cy. L. W. W i n k I c r, Z. (ui>/nr. 0 ., H>15, 28, 4 7 7 and 494 ; .S. (•. /., im, 36, 305. 
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The pci-mjiii<?!Uiafe and tlHi)snl])liatc solutions required in tlie process 
may eonvonitndly he. of % stren^dii, hut tlieir reaction n]»on each other 
must hi’, didinitidy fixed hy ox))eriiuent as follows : 2 e.e. td |«.‘rnninganatft 
solution are freely dduted with water, a few elrops of sodium earhonate 
added, and the thiosulphate added in v(’ry small jwrtions until the rose 
colour is just discharged. The slight turbidity produced ijy the precipita¬ 
tion of liydrafed manganic oxide tieiid not interfere with tlx; observation of 
tlio exact jioinl. 

Method ok PaocRDnuB: The iodine compound being dissolved m water, and 
always existing only lu coiidniiatiou with alkali or alkaline earthy bases, is heeied 
to gentle boiling, rcudoi’ed alkahno with sodnun or potassium carbonate, and per¬ 
manganate added till in distinct excess, best known by removing tlie liquid from 
the source of heat for a nnmito, when the precipitate will subside, leaving the 
upper liquid rose-coloured; tlie whole may then he poured into a /lOO-c.c. flask, 
cooled, (hhded to tlie iiiaik, and 100 c.c. taken out for titration with thiosulphate. 
The amoiiut so used, being multiplied by 5, will give the jiropnirlion required for 
the wliole liquid, whence can bo calculated the amount of lodino. To prove the 
accuracy of the process in a mixture of iodides, bromides, and chlorides, with 
excess of alkali, tho following expeninent was made. 7 gm. commercial potassium 
bromid'', the same quantity of sodium chloride, with 1 gm. each of potassium 
hydrate and carbonate, were dissolved m a convenient (piantity of water, and heated 
to boiling ; ])ermanganato was then added cautiously to destroy tlie tracc-s of iodine 
and other iinpuiitiesalTe<;ting tlie permanganate so long as doeolori/ation took place; 
the slightest excess showed a green colour (manganate). To tho mixture was then 
added 0’124hgiu. pure iodine, and the titration eoutimied as described . the amount 
found was ()-!2h gm. T. 

With sysfi’iimtie solutions of pernumganato and tliiosnljihato tho oalou- 
lation Is as ftdli>ws :— 

1 (*.<■. solution = 0-012092 gm. I. 

6. By Nitrous Acid and Carbon Disulphide (Fresen i us). 

This process riMpiircs tlio following standard solutions:— 

(a) Potassium iodide, about 5 gm. per litrix 

{h) Sodium tliiosul[>liate, normal, 12-4 gm. per litre, or tlierealionts. 

(c) Nitrons aei<!, prejiared hy passing the gas into tolerably strong sul- 
pluirie aeid until saturated. 

(d) Pure carbon disnlpliide. 

(c) Solution of sodium hiearhonate, ina<lc hy dissolving 5 gm. of the 
salt in 1 litre of water, and adding I e.e. of liydroehlorie aeid. 

Method op ihmcEDUKE : Tho strength of tho sodium thiosnlfihate in 
relation to iodine is first ascertained by measuring 50 e.e, of the iodide 
solution into a 500 e.e. stojipercd flask, then about 160 e.e. water, 20 c.c. 
carbon disulphide, then dilute sulphuric Jicid, and lastly, 10 drops of the 
nitrons solution. The stojiper is then replaced, and the wliole \v<‘li shaken, 
set aside to allow tlio earhon disulphide to settk’, and tlie suixM-natant liquid 
poured into^anotlier clean Mask. The earhon disnlpliide is then treated 
three or tour times siieeossively with water in the same way till tlio free 
acid is mostly removed, the washings being all mixe<l in one flask; 10 c.c. 
of disulphide are then added to the washings, well shaken, and if at all 
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coloui'ed the same process of washing is carried on. Finally, the two 
quantities of dimilphide are brought u]>on a moistened filter, washed till 
free from acid, a made in the filter, and tlie disulphide which now 
contains all the iodiiu^ in solution allowcul to rim into a clean small flask, 
30 (*.c. of the sodium bicarbonate solution added, then brought under the 
thiosul]>hate burette, and the solution allowed to flow into the mixture while 
shaking until the \dolet colour is entirely discharged. 'I'Ik^ (jnantity so used 
reju'esents the W(‘igl)t of iodiiK^ contaitied in 50 c.c. of the standard [mtas- 
sium iodide, and may l)e used on that basis to ascertain any unknown 
weight contained in a similar solution. 

Wlien very small quantities of iodine arc to Imi titrated, wi^aker solutions 
and smaller vessels may be used. 

This process is especially useful in determining small amounts of iodine 
in the privscnce of chlorine and bromine, as in mineral waters. 

7 . By % Silver Solution and Starch Iodide {PI sa n I). 

Th»5 details of tins process arc given under the head of siher assay and 
are of course simply a reversal of the method there given. This method is 
excc^cdingly serviceable for determining small quantiti(?s of combined iodine 
in tlie presence of chlorides and bromides, inasmuch as the silver solution 
does not n*act upon these bodies until the Idno colour is destroyed. 

8. Determination by Potassium lodate. S(m> p. 13H. 

Determination of lodate. See p. 139. 

IRON. 

Fe = 55‘84. 

Factors. 

1 c.c. ^/lo |)ermfinganat(>, dichromate, 

or thiosulphate -- 0-005584 Ri 

- 0-007184 h'eO 

„ „ „ - 0-007984 F(;,0;,. 


I. Determination of iron in the Ferrous State. 

For this jiurpose standard solutions of [lotassinm dichromatt^ and potas¬ 
sium i^rmanganate are used. 

(1) Potassium Dichromate Method (Penn y). 

This is the method most generally used and is fully described on p. 132. 
A decinormal solution of th(^ salt may be employed, but more generally a 
solution is used (4-390 gm. per litre: 1 c.c. = 0-U05 gm. Fe) sucli that liy 
taking 0*5 gin. of the iron ore the number of c.c. required give^i percentage 
of iron direct. The dichromate solution is standardized witii iron wii^ 
(99-8 ^ler cent, pure) in one of the following ways 

(a) A known weight of tlio wire (0*2 - 0-3 gm.) is dropped into a flask 
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fitted with a rui)ber stopper carrying aBunsen’s valve,* and water and 
a few centigrams of sodium bicarbonate added. Hydrochloric acid (about 
15 c.e.) is then added and the rubber stoj)por as above ins(5rt(Ml. Tlu^ flask 
is Invited till coni])l(!i<^ solution has taken |>la(;o, when the st,op{K‘r is at once 
removed, rins<‘d into a basin, the contents of the flask being addc'd and tlie 
flask well rinsiMl out. The titration is then immediately proce(!ded with. 

(b) I’ut into a 220 c.e. flask 25 c.<*. of water and heat on a hot [date till 
hoiliiig. Tlien drop in the wtdghed portion (about 0*25 gm.) of iron wire and 
imnuMliatidy add 15 e.c. of strong HCl and cov('r tlui flask with a glass 
marble. In 4 toO minutes the wire will hav(‘ dissolved to a pca-foetly colour- 
l<‘ss s(dutiori, which should tlnoi be rinsed out into a basin and the tilrat'iun 
with dichromat(‘ at once procecided with. 

Another method now much us(‘d is to standardize hv m<‘ans of ferric 
oxide or jin iron on^ of known iron content: this is disKolv«‘d, r(vluce(l, and 
th(‘n titrated. The l)est plan is to slock a (juantity of some pure iron ore 
and lo deh'rmine th(^ iron content gravimetricallv. For e^u’li standardiza¬ 
tion 5 gm. of the: ore are dissolved, made uj) to 200 e.c., and 20 c.e. ( ~ 0-5 
gm. of ore) titrated. Magnetic ore is the best for the purpose, as it is not 
hygrosco])i<*,; real Incmatite 1ms a tendenev to take up moist,un; when 
pow<lcrod. Ferric oxitlc of great ])iiritv may ))e pn'panvl hy a somewliat 
lengthy process from inm, frc(5 from cohalt and jn'acdu'alty free from j)hos- 
phorus For full d(‘tailssee I. Brandt, Chem. Zeif., 1010, 40 , 005 et seq. 
(also S. <\ 1010, 35, 045). 

Ferrous ainmonium suljdiate f[>. 120) is a very convenient material for 
adjusting standard solutions, hut it must be most caridully made from 
])ure mat»*riab, dried |MU*fectly in the granular form, and k(‘))t from the 
light ill small ilry bottles, well closed. 

(U) Determination by **/io Permanganate. 

This IS lM‘st can'ied out in solulions containing no acid other tlmn .sul- 
]>huric. Where, as is oftmi th(‘ case, an iron ore eannol he dissoIv<‘d in 
siilphiirie acid it is dissolved in IICI and the solution evaporated witii sul- 
pliuric acid. (Carbonaceous ores, bog ores, etc., must he previou>ly freed 
from organic matters by roasting. 0'5 - Od gm. of the ore is got into 
solution Ml a flask, and iron reiiiicisl to the h-rrous condition by means 
of a piece of ziiKt (fnu! from iron and carbon), the fla,sk lK*ing heated on a 
hotplah^aiid kept coverml with a glass marble. When th<‘ solution has 
heeoine colourless or pahi green and all the zinc has lie<‘n dissolvecl, the 
solution is cooled, rinsed into a hivikiu’, dilutiid largely with water tliat has 
h(‘en boili'd an<l cooleil, and titration with permanganate at once? pnx'eedcd 
with. When permangaiiato is run into a solution containing much free 
IICI, ehlorim; may he set free, thus 

KMnO, + 8HO! - KOI + MnOl, + 501 + 4Ho(). 

With a small excess of free acid, a very dilute solution, and low temperature, 

« * A B u jiseu ’ s valve littiug cousi>ts of a piece of gk'^s Inbiiig carrying a nliort length 
OT rubber tubing, which is dosed at the upper end by a piece of glass rod The rubber 
tube has a veitical slit, forming the valve, which allows gas or vapour to pass out, but closes . 
by atmospheric pressure when the evolution ceases. 
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the titration Any, however, be carried out without danger from this second¬ 
ary reaction, an^ in any case, the formation of chlorine is indicated by 
the smell 

(For Standardization of Permanganate see p. 128). 

it should be borne in mind that ferrous compounds are much more 
stable in sulphuric than in hydrochloric acid solution, and whenever pos¬ 
sible sulphuric acid should be used as the solvent. When hydrochloric 
acid must be used, and permanganate is employed, some manganous or 
ammonium sulphate should be added unless the solution is very dilute. 

Friend’ finds that accuracy is attained, provided that the manganous 
sufphate present is not leas than 2 gm. in 200 c.c., it (1) the titration is per¬ 
formed slowly with constant shaking, (2) the concentration of the HCl 
does not exceeii "h. 

Jones and Jeffrey” recommend a modified Zimmermann- 
Beinhardt process of titration in which the following reagents are em¬ 
ployed 

Beinhardt’s Manganese Solution; Dissolve 66J gm. of cryst. 
manganese sulphate in about 330 c.c. of water in a litre flask, and add to it 
a cooled mixture of 133 c.c. of concentrated sulphuric acid and 200 c.c. of 
water, then add 3331 c.c. of phosphoric acid (sp. gr. 1-3), and make up to 
the mark with water. 

Mercuric chloride ; A cold, saturated solution. Hydrochloric 
ACID : Acid of sp. gr. 1-1. The slight oxidizing power sometimes possessed 
by the manganese solution, when freshly prepared, may be easily deter¬ 
mined and allowed for if necessary; but it has been found that this oxidiz¬ 
ing eifeCt is unmeasurable when the solution is a week old. In the presence 
of hydrochloric acid, permanganate titrations give results which arc a little 
too high, even when the manganese solution is employed; the authors find 
that the small error so introduced is a constant one, independent of the 
amount present, and tlieretore easily allowed for. The titration is carried 
out as follows 

The iron solution (in hydrochloric acid of I'l sp. gr.) is reduced with the 
smallest possible excess of stannous chloride, and 10 c.c. of mercuric 
chloride are added to the cold solution, the mixture being then allowed to 
stand for 10 minutes to ensure the complete conversion of the stannous 
salt to the stannic condition, no appreciable oxidation of the reduced iron 
occurring in the meantime. A quantity of water, which may vary be¬ 
tween 400 and 1000 c.c. without appreciable effect on the titration, is then 
mixed, in a capacious bow], with a volume of the manganese solution equal 
to that qt,the hydrochloric acid present in the assay, and the mixture 
tinted witi\ permanganate, of which one drop should suffice. The ferrous 
solution is then transferred to the bowl, together with the rinsings of its 
cohtaining v^el, and the permanganate added, drop by drop, with con¬ 
stant stirring, iNptil the end point is reached. 0-1 c.c. is then deducted from 
the burette-reading, and the amount of iron present is calculated by refer- 
enee to the known titre of the permanganate, as determined by titration 
against a ferrous soMjUon free from hydrochloric acid. , 

^ChettkySoc, Trans. 1 1909, #S, 1228. 

*Analy^l909, H, 306. See also note, p. 130. 
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6. J. Hough * claims that the use of phosphoric acid alone in iron 
solutions to be titrated by potassium permanganate in the presence of 
hydrochloric acid works perfectly and gives very accurate results. Certain 
conditions must be observed, i.e. not more than 6 or 10 c.c, of concentrated 
hydrochloric acid must be present, using 5 c.c. of syrupy phosphoric acid 
(sp. gr. 1'7), titrating in a cold solution of about 300 c.c. volume, and 
avoiding reduction by stannous chloride. 

a. Reduction of Ferric Compounds to the Ferrous State. 

This may be accomplished by metallic zinc or magnesium, for use wSth 
permanganate, or by stannous chloride or an alkali sulphite for dichromate 
solution. The magnesium method is elegant and rapid, but costly. In the 
case of zinc being used, the metal must either be free from iron or, if it 
contain any, the exact quantity must be known and allowed for; and 
further, the pieces of zinc used must be entirely dissolved before the solu¬ 
tion is titrated. The solution to be reduced by zinc should not contain 
more than 0-16 gm. Fo per 260 c.c., and for this quantity about 10 gm. of 
Zn and 26 c.c. H^SO^ are advisable ; when the zinc is all dissolved, the 
whole should be boiled with exclusion of air, then cooled rapidly before 
titration with the permanganate. The excellent method of reduction by 
means of stannous chloride solution is fully described on p. 133. 

Reduction by Sodium or Ammonium Sulphite.— If sodium sulphite 
be used, the solution of iron must not be too acid and should be dilute, 
say a volume of half a litre for J gm. of Fe. The sulphite is added and the 
flask gently heated till the liquid is colourless. It is then boiled briskly 
till lall SOj is dissipated; when eooled it is ready for titration with di¬ 
chromate. In the case of ores containing titanium it is preferable to avoid 
the use of zinc for reduction, as it also reduces the titanium more or loss ; 
alkali sulphite does not. 

Tbo procedure with ammonium bisulphite is as follows:—^ To the acid solu¬ 
tion of ihe ore or metal, diluted and filtered, ammonia is added until a faint pre¬ 
cipitate of ferric hydroxide is produced. This is re-dissolved with a few drops of 
HOI, and some strong solution of bisulphite added, in the proportion of about 1 c.c. 
for each 0‘1 gm. of ore, or 0-05 gm. Fe. The mixture is well stirred, boiling water 
added, then acidified with dilute sulphuric acid, and boiled for half an hour: it is 
then ready for titration. 

D. J. Carnegie’ points out the value of zinc dust for the rapid reduction of 
ferric solutions, and suggests the following method of carrying it out. 

The bottom of a dry and narrow beaker is covered with zino dust sifted through 
muslin. A known volume of ferric solution, previously nearly neutralized with 
ammonia, is placed in the beaker and shaken with the zinc dust; then a known 
volume of dilute sulphuric acid is added and shaken for a few moments. The 
reduction is much more tajlid in neutral than in acid solutions, but of course acid 
in thIS case must be present in excess to keep the iron in solution. Carnegie 
withdraws a portion of the reduced solution from the undissolved zino by help of 
a filter, such as B e a 1 e' s, and, as measured volumes have been used, an aliquot \ 

• 

'J.A.C.S., 1910, », 639. »Ansten,G iV., 1882, M, 287. 

*J. 0. &, 1888, tt, 468. 



^ taken with a pipette may bo at once' titrated, and the amount of ir^v. 
louna.** 

Clemens Jones’in a paper road before the American Institute Mining of 
Bngmeem, adopts the pian suggested by Carnegie, and has designed a spMial ■ 
apparatus for fiitenng the ferric soiution through a column of zinc dust. This ■ 
^ngoment gjves complete reduction in a very short period of time, and is service- ’ ‘ 
able where a large number of titrations have to be carried on 


DETERMINATION OF IRON IN THE FERRIC STATE. ' 

, I. Direct Titration of Iron by Stannous Chloride (see p. 133). 

Determination of Iron In Pharmaceutical Syrups.— (Richmond 
and Ison).’ To 6 or 10 c.c. of the syrup a few drops of strong hydro- 
mlono acid are added, and */io permanganate solution run in until a 
transitory purple coloration is produced throughout the solution. Coloured 
syrups are decolorized and the iron present is entirely in the ferric state 
An equal volume of strong hydrochloric acid is added, then a little sodium 
bicarbonate to give an atmosphere of CO., and »/„ stannous chloride solu- 
lion addedy a drop at a time, until a drop of the mixture gives a blue 
colorafion with ferricyanide. The titration with stannous chloride is then ‘ 
started, and continued until a drop of the mixture no longer gives a colour k 
with thiocyanate solution. 

1 c.c. % stannous chloride solution = 0 005684 gm. Fe. 

a. Direct Titration of Iron by Titanous Chloride. 

Titanous chloride (TiCl,)‘ which was employed in the first place as a 
reducing agent for the determination of ferric iron, has lately received 
much wider application in the domain of volumetric analysis, it lieing now 
successfully used for the quantitative determination of nitro-compounde 
the azo-dyes and dyestuffs, etc.’ ’ 

The readily oxidizable solution of titanous chloride is prepared and 
stored as follows 

60 C.C. commercial titanous chloride (20 per cent, solution) and 100 <■ c 
cone. HCl are boiled together in a small flask for about a minute, the 
mixture is cooled, made uplo about 2J litres, thoroughly mixed by shaking 
and the storage bottle A (see fig. 41) filled up to the neck with the solution! 

' Commercial zioc duet is probably a by-product in zinc manufacture, and cannot there- 
.fore be obtained pure. Samples examined by myself, and apparently by others also, do 
not, however, contain much iron, but a good deal of zinc oxide, with traces of cadminm 
and lead. Carnegie states that the oxide may be removed by repeatedly digesting With '• 
weak acid, or better still, by treatment with ammonium chloride and ammonia, the well- - 
washed dust being finally dried on porous tiles in a vacuum. I find that by washing once 
with strong alcohol after the water and finally with ether, the dust may be rapidly dried in 
^ condition, and when a quantity of ouch purified dust is obtained, the amount of iron 
In It may easily be determined once for all, and allowed for in titration. Good zinc dust is 
uqjoubtedly a valuable reagent In a laboratory for other purposes besides iron titrations 

’ C. Af,, 1889, W, 93. ^Analyst, 19^, 19, 268. 

^ < Three chlorides of titanium are known, TiCl,, TiClo, and M.. Of tUse TiCl. is the 

trne titanous chloride. i, ■) 

K”*®!** end Hibbert, Nm Heduclim Metiwds in Volmitlric Analytit, 
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The mode of connection of 
this bottle with the burette (B) 
will readily be seen by the fig. 
; 41. Rubber stoppers are used 
and at Dj and Sg are valves 
constructed of glass rod and 
rubber tubing as described on 
p. 11. C is a hydrogen genera¬ 
tor consisting of a glass cylinder 
half filled with dilute HCl (1; 1) 
into which dips an inner tube 
contracted at the bottom to a 
narrow aperture and filled with 
ordinary granulated zinc. iThe 
hydrogen generated.when Dg is 
opened passes into the storage 
bottle and burette. By open¬ 
ing the valve Dg the titanous 
chloride flows into the burette 
and rises into the tube above it, 
then by opening D, the solution 
is entirely run out and the 
hydrogen allowed to escape for 
some minutes. The burette 
can now be filled up to the zero 
mark and the apparatus is 
ready for use. 

Standardization of the 
Solution.—Dissolve 3'611 giu. 
of the purest ferrous ammoni¬ 
um sulphate in water, add 
about 100 C.C. 6 N. HjSOj, and 
make up the solution to 260 c.c. 
in a measuring flask. Pipette 
26 C.C. (= 0-06 gm. Fe) of the 
well mixed solution into a flask 
and carefully oxidize with per* 
manganateof about */» strength 
until a faint pink tinge is ob¬ 
tained. Then add a large 
excess* of potassium sulpho- 
cyanate and run in the titanous 
chloride from the burette until 
the red colour, due to ferric 
sulphocyanate, has entirely dis¬ 
appeared. Suppose, for ex¬ 
ample, that ^6 C.C. of the iron 

i- 

'A large eioesa renders theend- 
rssonon mncfa sharper, 

18 



Fis. 4 )U 


















242 


DETERMINATION OF IRON IN THE FERRIC STATE. 


solution, after oxidation, require 26*3 c.c. titanous chloride to reduce it, 
then 

1 c.c. Ti Clj - 0'0019 gm. Fo. 

Solutions of tcrric iron, to which an t‘xcess of jwhissium sulpliocyanate 
is adiiod as iiKlicjitoi', can l)e titrated directly with tiie titanous solution. 
It is iniinaterial whethc*r the iron is pi-escait in sulphuric, or hydrochloric 
acid solution, hut tlie presence of some mineral acid is essiMitial, as other¬ 
wise tli(‘ indicator is not sensitive. F<mtous iron must hrst be oxichz(Kl to 
the ferric state. This; is geiunvilly done as follows 

To a nieasunid vohiim^ of the solution add ammonia and hydrogen 
peroxide, and remove tlie cxi'ess of oxygen l>y )>oiling the li<|nid for 5 to 10 
minutes. Then add JICI in quantity more than sufficient to dissolve tlio 
ferric liydrah*; or: 

'I'o tb(‘ ferrous solution add a crystal of KCIOn and I'Oinc IICI, l>oil 
down to a small hulk, a<ld waten* or IlCl, again evai>oi-at(‘ down, and when 
the excess of chlorine has thus hetm removed the solution is rea<ly for 
titration. 

The reaction which take> place i> 

KeCI, + TiCI, - -i- TiOl,. 

3 . Titration by* Sodium Thiosulphate. 

S c h e r e r first suggested the direct titration of iron with tlihwiljihate, 
w’hich latter was added to a solution of ferric chloride until no turther 
violet colour was produced. Tliis was found liy many to he inexact; l)ut 
K re me r^ has mad(^ a series of practical exi>ei'imeiits, the result of which is 
that the following niodifie<l method can he r(‘cominuHle<l. 

The nnietion wliich takes place is such as to produce ferrous ehioride, 
sodium tetratliionate, and chloride. 2NaoS^O., + Fe.jCl ,5 ■\- 21I(’I = HijS^Oa 
+ 4NaCl + 2KeCb. The thiosulphate, which may conveniently he of 
^/io strengtli, is added in excess, and tlie excess determined l.iy iodine and 
starch. 

Method OF PKOC EDURK : The iron solution, containing not more tlian 
1 per cent, of metal, which must exist in the ferrii^ state witliout any excess 
of oxidizing matcirial (host ohtaineil by addingexcess of hydrogen [icroxide, 
then boiling till the excess is expelled), is moderately acidified witli hydro¬ 
chloric acid, sodium acetate added till thc! mixture is red, then dilute 
hydrochloric acid until tlic red colour disappear.^; tliim diluted till the iron 
amounts to i or ^ per cent., and n/io thiosulphate added in excess, fiest 
known by throwing in a particle of iiotassium snlpfiocyaniilc after tlie 
violet colour produced lias diha]j|M‘ared; if any red colour appcx'irs, more 
thiosulpliate must be added. Starch and **/k) iodine are then used to 
ascertain the excess. A mean of several experiments gave 100*06 Fi', instead 
of 100. 

J. T. Norton^ has carefully experimented on tliis method and found 
that it needs careful maiuigement to ensure accurate results. Tlie volume 
of dilution and amount of acid must be carefully reguhifed,'^o also must 
the amount of thiosulphate used in excess. There should always be at 


* Jouni. /. Pract. Ckem., M, 339. 


V, ^l.C..s'.,1899, 3!,25. 
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least 15 C.C. of thiosulphate in excess with 01 gm. of ferric oxide and 1 c.e. 
of strong hydrochloric ficid in not loss than 400 or 500 (‘.c. of freshly boiled 
water used for dilution. The time occupied in reduction slioiild be as short 
as possibli*. 

Method of PiiorEDUUE : In treating ferric oxide, the following method 
is n'comiiiended : Dissolve an amount not exceeding 0-2 gin. of the oxide 
in 2 c.c. of hy<lrocliloric acid, eva}>oratc to a pasty mass, dilute to about 800 
c.e. with fr(‘shly-boil<!d water, add a drop of potassium suljiliocyaiiido, and 
into this solution run 50 c.c. of sodium thiosulphate; allow Ihe licpiid to 
stand until perfectly colourless, an<l dderinlne the exc(“.ss of tliiosulphate 
by ^/lo i(xline and starch. For (juantitics of iron oxide up to 0-2 gm. this 
process is (juick and most accurate ; wIkui care is takiai to iiresciwo the 
relations of acidity and dilution, twice the amount of ferric oxide iiuMitioned 
al>ove may be handled. 

'Die accuracy of the priK-ess is not inti'rfercd with liy the iirescnce of 
salts of tlio alkalies, strontia, lime, magnesia, alumina, or manganous 
oxide; neither do salts of nickel, cobalt, or copper, unless their ((uantity 
is sucli as to give colour to tlu^ solution. 

Th(^ process is a rapid one, and with care gives very satisfactory results. 

4. Determination with Iodine and Sodium Thiosulphate. 

When ferric chloridi^ is digested with potassium ioilide in excess, iodiiio 
is liberated, which dissolves in tlic fr<‘e potassium iodide— 

FeClj + KJ ■= Fed., + KT'I + I. 

Method of I’kooeduke : Tlu* hydroehloric acid solution, which must 
contain no fn'e chlorine or nitric acid, and all the iron in the ferric state, 
is nearly noutralizc<l with caustic jietash or soda, tran'^fcrrc<l to a well* 
sto))pere<l tlask, and an excess of strong solution of potassium iodide added ; 
it is then heated t(> SO'’ or GO'" (1. on tlio water hath, closely slopjMU'cd, for 
about twenty minutes ; the flask is then cooled, starch a<l(h*d, and titrated 
with thiosulphate till the blue colour disappears. This ]iruci*s.s gives very 
satisfactory results in the alisence of all substances liable to affect the 
))otassium iodide, sueli as free chlorine or nitric acid, and is [larticiilarly 
servic(iable (or determining small (juantities of iron. 

Instead of starch another iudicator is suggested by H as w ell.* To an 
aliquot portion of the solution of the hu-rie salt a little enprie sulphate and 
salicylic acid arc added as an indicator, and tlicn from a luiretlo .'«taii(lard 
tliiosulphate solution is run in until the violet coloration isonlirely <lcstroyed. 
The litjuld i.s tlien titrated liack.witli the solution of the feiric salt, until tlie 
colour just reapixjars. 

Josepli has shown that good results may he obtained liy the follow¬ 
ing simphtied procedure: — 

To tile ferric solution, acidifiiKl with HCI {the quantity used seems to 
he of no practical importance), add a few grams of KT, and at once titrate 
the iodine liljerated with **/io thiosulphate. In those frequent cases wlicro 
tho substance must be dissolvetl in HCI and potassium chlorate, on account 


/. anffew. Vhem. 1902, 16,1265. 


a./. N. C J., 1910, 79, 187. 
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of the presence of ferrous iron, the liquid is boiled almost to dryness before 
titration. 

1 c.c. **/io thiosulphate = 0*005684 gm. P’e. 

The solution is standardized cither with iodine or with iron alum. Ex¬ 
cellent results are recorded. 

5. Determination of Iron Colorimetrlcally. 

(i) Thiocyanate Method. 

The determination of minute quantities of ii*oji in tlie presence of large; 
quantities of other metals, more especially in alloys, has been carefully 
worked out by A n d r e w T h 0 m e o who claims that the sensitiveness of 
his method is smdi that 1 part of iron in 60,000,000 parts of water can be 
detected and determined. (It is, therefor^;, more sensitive than any other 
known colorimetric method, for the Nessler test, which has hitheito 
been considered the most didicato, allows of the estimation of 1 [tart of 
ammonia in but 20,000,000 of water.) The process depends u})on the 
well-known l)Iood-red coloration produced ])y the action of ferric, salts 011 
potassium thiocyanate, and has been found to be almost universally appli¬ 
cable ; silver and copper, and in some cases cobalt, l>eing the only common 
metals that interfere with its action. T h 0 m s 0 n records results sliowing 
accurate determinations by this method of small amounts of iron in ad¬ 
mixture with lead, mercury, cadmium, liismuth, arsenic, tin, antimony, 
nickel, cobalt, manganese, calcium, aluminium, zinc, stronliuui, barium, 
magnesium, sodium, and potassium. The pn;s(;n(;(; of even larg(; ijuantities 
of organic matter does not affect the reaction. Mercurous and stannous 
salts, when present, sliould he converted into the menjuric; and stannic salts, 
otherwise tlie colour is destroyed. It is also desti'oyed by even minute 
quantities of oxalic acid, though the [)resence of ars(;uic and i)hosphoric acids 
does not affect it, provided there be plenty of acid present. Although mer¬ 
curic chloride in a neutral or nearly neutral solution, as is well known, in¬ 
stantly bleaches the red colour produced by tliiocyanatos with ferric chloride, 
if 6 c.c. of nitric or hydrochloric acid (1:6) bo added, the red colour persists 
even after standing for 16 or 20 minutes. 

The following solutions are required 

1. Standard Solution of (Ferric) Iron. —(a) Dissolve 0*7022 gm. of ferrous 
ammonium sulphate in water, add 6 c.c. of dilute sulphuiic tudd (1:6), then 
run in with caution a dilute solution of potassium permanganate (containing 
about 2 gm. i)er litre, and of this solution about 29cic. will be required) till 
a slight pink coloration remains after well stirring; or hydrogen peroxide 
may. be used in place of permanganate, taking care to dissipate; the excess 
by boiling. The solution is then diluted with water to 1 litre 

1 c.c. = 0*0001 gm. Fe. 

(6) Dissolve 1*004 gm. of pure iron wire, which has been first cleaned 
with emery paper and then wiped with a dry cloth, in nitro-hydroehloric 
acid, precipitate with ammonia, filter, wash, re-dissolve the ferric hydroxide 


W. C. S., 1885, 17. 493. 
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in a little hydrochloric acid, and dilute to 1 liti-e. Of this 100 c.c. are 
diluted to 1 litre, of which 

1 D.r. = O’OOOl gra. Fo. 

2 c.c. of either of the above solutions, when acidified and mixed with 
thiocyanate and diluted to 100 c.c. give a convenient colour for comparison. 

2. Potassium Thiocyanate Solution. —10 gm. of the crystallizcxi salt are 
dissolved in 250 c.c. of water. 

3. Dilute Hydrochloric or Nitric Acid. —(1 : 5). 

Method of Phoof.duke : Dissolve a weighed portion of the substance 
in which the amount of iron is to bo determineti in a suitable acid, and 
evaporate nearly to dryness to expel excess of acid. After slightly diluting 
with water, con\'ei't the iron into the ferric state by adding a dilute solution 
of [Kirmanganatc, and make up the liquid to 1 litre or other suitable 
volume. Into each of two short 100 c.c. Nossler glasses pour 6 c.c. of 
the dilute .acid (3) and 1.5 c.c. of the thiocyanate solution (2). Then add to 
one 2 c.c, of the standard iron solution (1) and to the other a me.asurod 
quantity of the solution to bo tested, using such an amount as to make the 
(lopth of colour in the two cylinders approximately equal. The li(|uids are 
made up to tlui mark with water in each c.ase, thoroughly mixed and 
“ nesslerized ”. Thus, suppose 20 c.c. of a solution containing iron to bo 
taken and made up to 100 c.c. as above, and that 85 c.c. of the latter exactly 
matched in colour the st.andard, the amount of iron present in the 20 c.c. of 

solution taken would be x -0002 = 0-000235 gin. Fo. 

In all cases, the more strongly coloured liquid should bo diluted with 
water to 100 c.c. and well mixed before final comparison. 

The above method .acts admirably tor the determination of small 
quantities of iron in water, for which purpose Carter Bell* adopts 
the following iiroceduro:— 

70 C.C. of tho water are evaporated to dryness in a platinum dish, and 
geni ly ignited to burn oft organic matter. 1 c.c. of dilute nitric acid (50 c.c. 
of strong acid in a litre) is then poured over the residue and evaporated to 
dryness on the water-bath ; the residue is then dissolved in 1 c.c. of 10 )X)r 
cent, 1101 (1: 4), 5 nr iO c.c. of water added, the solution filtered througli a 
small filter, washed, and transferred to a Nessler glass and either treated 
as above or by the following method;— 


(ii) Ferrocyanide Method. 

Solution required .—Potassium ferrocyanide,, tho usual N solution (105-5 
gm. per litre). 

The procedure is exactly similar to that followed in tho thiocyanate 
method described above. 2 c.c. of the standard iron solution are measured 
into one (iylinder and a measured portion of tho dilute iron solution to be 
tested into another. To each cylinder are then added, first 1 c.c. of con¬ 
centrated nitric acid (the presence of free acid is essential), then water and 
1 c.c. of fcarocyanide, the liquid made up to 100 c.c. with water and well 
mixed. If the tints of tho two liquids are approximately equal, they are 


iJ.S.0,1., 1889, s, 176, 
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allowed to stand for a few minutes to develop the full colour, and then 
nesslerizod. Tf not, an approximate comparison should 1)0 at once made 
by pouring some of the darker liquid into a measuring cylinder and then, 
after calculating the approximate amount to he measur(‘d out, making up 
a new solution of nearly the same colour, and nesslerizing after a few 
minutes’ standing. 

This method acts well, but presents no advantages over the thiocyanate 
method. 


IRON ORES, IRON AND STEEL. 

Thk great desideratum in the analysis of iron ores is to g(*t tlunu into 
the finest possilde state of division, and 10 minutes’hard work with the 
agate mortar will often save: hours of treatment of the material with {udds. 
The operator of expericmee ean giMierally t<*ll if tlu; ore t() he: (examined will 
dis.solve in acids. Some clav ironstones and hrown luemafites contain 
oiganu* matters, ami they are best first roaste<l in an opcm platinum crueible, 
gradually raising tlu' heat to nnlness; this course is advisable also u lieii an 
onM-ontains })yntes; this latter is easily commu ted to FcaO,, by r()a>ti!ig. 
Some ores give an'sidue in any case by tl•(^at^le^t with Hdl; this shmil<l bo 
8e[tarat(*<l by filtration and fused with fusion mixture, which will H-iahn- all 
the iron in asolul)le state. In tlm analysis of iron ores the total percentage 
of iron and lhat existing in botli the ferrous and ferrh* states a.re usually re¬ 
quired. For this purj«M‘ 0-5 gm. is ta.k<‘n, ignited gently, if neoi'ssai y, to 
destroy organic matters, etc., fransb'rred to a 220 (‘.c. flask, dissoKxwl in IICl 
(15 to 20 c.e.), th(‘ ferric salt reduced hy stannous chlorhleand the total iron 
determimMi hy titration with )>otassium dieliroinat(* soluthai, as fully <le- 
serihed on ]). 135. To determine the FeO 0-5 or 1 gm. of the ore (according 
to the amount of FeO present) is j)ut intoa220e.c. flask ami water and 
about 0*25 gm. of so<liuiii hicarlxmate * added. The flask is closed with a 
rul)her sto)q)or caiTving a lUinscn’s valve fitting (see p. 237),--or simply 
covered with a glass marble—lu'afed to boiling on a hot plate, and about 
20 e.e. of strong HOI added, the tiask being immediately eloM'd after the 
addition, (fentle boiling is then continmxl till nothing but fairly white 
siliceous residue remains umiissolved. The contents of the flask are then 
transferred to a dish ami at once titrated with diehromate. The ferrous 
iron is thus obtained, and the ferric oxide ])resent is calculated, in the ab¬ 
sence of pyrites, from total iron less that in the ferrous state. 

Iron ores containing jiyrites in any appreciable amount must be roasted 
in a platinum erucilile Ixd'ore being dissolved as above for determination of 
total iron, and iron so cuml)in(xl must be allowajd for before calculating 
the ferric oxide presimt. 

Ferrous iron may also })C determined hy means of the following api)a- 
ratus duo to M o h r. 

The left-hand tiask contains the weighed ore in a finely powdered state, 
tb whi<‘h tolerably strong liy(lro(diloric acid is added ; the other flask con¬ 
tains distilled water only, the tube from the first flask reaching to tlio 
bottom of the second. When tlie ore is ready in the flask, and the tubes 

} In the case of calcareous iron ores or spathose ore, which is au impure ferrous carbon¬ 
ate, this will not be required. 
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fitted, hydroi'lilnrie ,i('id is poured in, and a few grains of sodium hiearlionato 
added to produce an evolution of OO.j. The air of the flask is thus ex¬ 
pelled, and as the aciil dissolves the ore, the gases evolved drive nut in turn 
the OOj, wiiich is partly absorbed by the water in the second flask. When 
the ore is all dissolved, the lamp is removed, and the w.ater immediately 
I'ushes out of the second flask into the first, diluting and I’ooling the solu¬ 
tion of ore, so that, in the majority of cases, it is ready for immediate 
titration. If not sulliciently cool or dilute, a sufficient ijuantity of boiled 
and cooled distilled water is added. 

Reduction to the ferrous state by means of sodium suliihite, etc, is 
deseribed on p. 239. 

Determination of Iron in Silicates,— W i I h u r and W h i 111 fl|>i e y ’ 
give a scries of determinations of iron existing in various silicates, either 



Fio, 42. 


as mixtures of ferric and ferrous salts or of either separately, which appear 
very satisfactory. 

-The very linely powdered sdicate is mixed with rather more than its 
own weight of powdereil fluor-spar or cryolite (free from iron) in a platinum 
eriicilile, covered with hydrochloric, acid, and heated on the watcr-liath 
until the silicate is all dissolved. During the digestion either earbonic acid 
gas or coal-gas free from HnS is su))plicd over the surface of the hi|uid so 
as to |irevent access of air. When dccomiiosition is coiiiiilete (the time 
varying with the nature of the material), the mixture is diluted and titrated 
with iicriiianganate in the usual way for ferrous oxide; the ferric oxide can 
then lie reduced by /.inc and its proportion found. 

By Hyi^rofluoric Acid.— Silicates may also be deconi|iosed by hydro¬ 
fluoric acid, about 2 gm. being treated with 40 c.e. of the lU’id (containing 
about 20 per cent. HF) in a deep |ilatinum crucible. In this case heeds “ 

a. C., 1877, 16. 323, 


‘ a X., 1870, 22, 2. 
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recommends that the finely powdered silicate be mixed with a suitable 
quantity of dilute sulphuric acid, and air excluded by COj during the action 
of the hydrofluoric acid, which should be aided by heat. When decom¬ 
position is complete, the crucible and its contents are quickly cooled, diluted 
with recently boiled water, and the ferrous salt determined with perman¬ 
ganate or dichromato as usual. 

If the hydrofluoric acid has been prepared in leaden vessels, it invariably 
contains SO.,; in such cases it is necessary to add to it, previous to use, 
some hydrogen peroxide (avoiding excess) so as to oxidize the SO,. 

.The process is a rapid and satisfactory one, yielding much more accurate 
results than the method of fusion with alkali carbonates or acid potassium 
sulphate. 

Colorimetric Determination of Carbon In Steel.— (Eggortz’s pro¬ 
cess.) This well-known method is not available for steels containing largo 
percentages of chromium, copixir and nickel, all of which, especially the 
first named yield coloured solutions with nitric acid. In such cases the 
combustion method should bo resorted to. When only a moderate per¬ 
centage of nickel or copper, or a very small percentage of chromium, is 
present, fairly accurate results may be obtained colorimetrieally. 

Filings are useless tor this process. Drillings should be made with 
dry tools, quite free from oil, etc., and, it possible, the bar to be sampled 
should be drilled right through and the whole of the drillings thoroughly 
mixed. 

Reagent required.—Nitric acid of sp. gr. 1-2. Chemically pure acid 
(free from chlorine) should be used, and 100 c.c. of the acid of sp. gr. 
1'42 added to 165 c.c. of distilled water will give a solution of about the 
right strength, which should be determined by the hydrometer and 
adjusted if necessary. 

Method op Procedure: in all cases steels should be compared with 
a standard steel of known carbon content, which should bo approximately 
equal to that in the sample to be tested. In cases where the carbon 
content is entirely unknown a preliminary trial must bo made in order 
to ascertain roughly the amount present. The weight of steel and 
amount of nitric acid to bo taken are then found from the following table. 


Carbou per Cent, 
in Steel, 

Carbon per Cent. 

ill Standard 
Approximately. 

Weight of 

Steel (gra.). 

C.c. of HNO. 

a *2). 

1-3—1-7 

1*5 

0*05 

3 

M—1*3 

1*2 

0-05 

8 

0*8—1-1 

0-9 

010 

4 

0'4—0*8 

0*6 

O'lO 

3 

02-0'4 

0-3 

0*10 

2 

0'l-0-2 

0-15 

0-30 > 

6 


The carefully weighed portions of the sample and of the appropriate 
standard are each put into a marked thin test-tube (6 ins. x J in.), which 
must be scrupulously clean and perfectly dry. The requisite volume of 


i Iq this case uh a test-tube 6 x 1 ius. 
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nitric acid is then added to each from a BO c.c. burette. The tubes are 
left in the rack for a few minutes, till the first violent evolution of nitrous 
fumes has ceased. The tubes are next placed in a bath of water kept 
just boiling on the'hot plate, and are occasionally shaken till bubbles of 
gas are no longer given off and the solutions are clear. This will be 
from 16 to 30 minutes. The tubes arc then well cooled in a vessel of 
cold water. Comparison is then made in the usual way, in a pair of 
graduated tubes of colourless glass, using 12 c.c. tubes for all steels con¬ 
taining 0'2 per cent, and upwards of carbon and 20 c.c. tubes for those 
containing between O'l and 0'2 per cent, of carbon. If necessary the 
solutions must be filtered through a small filter, the test-tube and 
residue being washed with a fine jet of water till colour-free, and of 
course made up exactly to 12 or 20 c.c.‘ 

Determination of Phosphorus In Iron and Steel. 

Pig Iron. —2 gm. of the borings are placed in a GOO c.c. beaker, 20 c.c. 
of water added, then gradually 16 c.c. of strong nitric acid, the beaker 
being covered during the process. When violent action has ceased, rinse 
the cover and sides of the beaker with a small quantity of hot water and 
evaporate to complete dryness on a hot plate—and bake the residue. 
Allow to cool, then add 25 c.c. of strong HCl and heat on hot plate till 
all has dissolved except a black residue of graphitic carbon etc., and 
evaporate off the e.xccss of acid, the bulk being reduced to about half. 
Add about KlO c.c. of hot water, filter into a 400 c.c. beaker and wash 
well. Partially neutralize the hot filtrate with 2J per cent, ammonia, 
add 25 c.c. of .50 per cent, ammonium nitrate solution, heat to about 
80“ and add 30 to 40 c.c. of 10 per cent, ammonium molybdate solution. 
Allow to stand for about 2 hours on the top of the water-oven, pour off 
some of the clear liiiuid and test for complete precipitation by adding 
about 10 c.c. more molybdate. The precipitate is then filtered off l)y 
suction through abliostos in a Gooch crucible, and is w.ashed first with 
1 per cent, nitric acid, then with 1 per cent, potassium nitrate solution 
until free from acid, and then transferred together with the asbestos to 
a conical liask with a small quantity of water, •'/j NaOH is added from 
a burette in i|uantity more than sufficient to dissolve the precipitate, the 
liquid is boiled until all the ammonia has been driven off, coolecl and 
titrated residually with ’‘/ 2 H,S 04 and phenolphthalein. 

1 c.(^ “/j NaOII = 0-0006G4 gm. phosphorus. See “ Notes ’’ below. 

Steel.— Dissolve 6 gm. of the borings in 20 c.c. of water and 40 c.c. of 
strong nitric acid and proceed as with pig iron. The baked residue should 
be treated with 35 c.c. of strong HCl and rather loss ammonium molybdate 
solution will bo required. 

Notes _The above titration is based on the following reaction 

2 [(Nn 4 ) 2 (MoO»), 2 p 04 ] + 46 NaOH -h H,0 = 2[(NH4), HPO,] 

, + (NH,), MoOi + 23Na2Mo04 -r 23 H^O 

from which we find that 1874'142 parts of molybdate precipitate correspond 
^Arnoldand Ibbotson, Steel tyorles Atiolysis, Third Edition, 1907, 
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to ^3 X 40'008) = 920'184 parts of Rodiiim hydroxido; or taking tlio pre¬ 
cipitate to contain l'03)KM‘oent. phosphorus, 1 litre of normal soda solution 
is equal to 


1874;142_x 0163 
23' 


] *328 gm. P. 


Hence on this basis 1 c.c. of »/2 NaOH = 0-000604 gm. P. But the true 
working equivalent is best determined by tlie method given below. 

In place of NaOil and H 3 SO 4 A. A. J51 a i reeoininends tlie 
use of special standard solutions of alkali and acid prepared as follows 

Standard Solution of Sodium Hydroxide.— To 100 gm. of i)me NaOH 
add an amount of water just insufficient comjiletely to dissolve it. I'our 
it into a tall cylinder, close the latter, and allow to .settle. 30 e.e. of the 
ch^ar liquid, which will be practically free from carbonate, are mixc'd with 
2 litres of water. 

Standard Nitric Acid.— Mix 20 c.c. of nitric acid (1-42 s]). gr.) with 
2 liti’cs of wat<‘r. 

Pipette 10 c.c. of the standard NaOH solution into a small flask, add 
40 c.c. of water and 3 drops of phenolphlhalein solution, then run in 
standard nitric acid from a burette until the pink colour just disai)pcars. 
If the solutions are not of the same strongtli, dilute tlie stronger with 
wahn- till they agree. The standardization is carried out thus. Titrate 
the ammonium pliosplio-moiybdate obtained from a steel in whi<‘h the 
phosphorus has been carefully determined, and divide the percentage of 
phosphorus by the number of e.e. of the standard solution of sodium 
liydroxide riHiuired to neutralize it. The result is the value of that solution, 
The solutions may also l)e so adjushsl that 1 c.c. = 0'0002 gm. iffiusjiliorus. 
this result beingohtaiiied by caleniating the weight of phos])horus to which 
each c.c. of the solutions is equivalent and ililuting to the ivxact strength 
required. 

Instead of running in the standard NaOH solution from a Imrettc, 
Blair recommends the addition of the solution by means of a pij)elte, 10 
c.(t. lieing run in at first and further portions of 10 e.e. if necessary, until 
the precij)itate is <lissolved, agitating after each addition. The solution is 
not boiled, hut simply dilute<i to 50 c.c., phcnolphihalein a<lded, and tiie 
.standard nitric aci<l run in from a burette till the pink colour disappears. 
The number of c.c. so used is subtracted from the e.e. of NaOH solution 
taken to dissolve the precijiitate, and the iiiiosphorus content then calculated 
from the remainder. 

Determination of Sulphur in Iron and Steel.— .1. T li i 1gives the 

following method:— 


Method of Procedure : By attacking the metal with hydrochloric acid in 
the well-known apparatus used for this purpose, tho sulphur is liberated as 
sulphuretted hydrogen. The gas is received in 25 c.c. of adecuiormal solution 
of arsenious acid, to which has been added 50 c.c. of a cold saturated solution of 
bicarbonate of soda. Care should be taken that the gas is not given off too 
rapidly. 

When the attack is finished, the gas which still fills tho apparatuS is driven out 
by means of a current of carbonic acid, and the passage of this current of gas is 


• The Chemical A nalysis of Iron^ Eighth Edition, 1918, 


a, 1899, S8, 342, 
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continued until the hydrochloric acid carried with it has neutralized the alkaline 
solution, and precipitated almost the whole of the triaulphide of arsenic. This 
operation takes 8 or 10 minutes. 

A few c.c. of hydrochloric acid are added, and the volume made up to 500 c.c. 
and filtered. The filtrate is collected in a dry beaker, and 100 c.c. are taken, and 
titrated with iodine, after adding starch and a sufiiciont quantity of ammonium ^ 
carbonate to render the solution alkaline. 

h’rom the number of c.c, of iodine used is subtracted the number of c.c. required 
by 25 c.c. of a decinormal solution of arsonious acid. The difierenco corresponds 
to the sulpliurotted hydrogen given off. This result, multiplied by 0*0024 gives 
the amount of sulphur contained in the sample. 


Al tlio National J’Iivsu'hI Laboratory, Bushy Honsi^ Toddingt.on, the 
volniHotih* dotonnination of sulplmi' is carried out tlius^ 

The steel drillings are dissolved in an evolution flask in liydroeliloric 
aci<i (if 1*10 sj). gi'., the ojKTation Ixdng aided by lieat, although boiling the 
acid should he avoided. Prior to the coninienceiuent of tlie operation, the 
c\oln(ion flask and entire apparatus are fi!l<Ml with an atiuosphere of carbon 
dioxide', ohtaiiK'd by passing a stream of this gas, derived from a cylinder 
of lupiid carlionie acid, tiirongh the entire apparatus. The evolved gases, 
aided towards the end of t)ie ojx'ration by a further stream of COa are 
hnhhic'd tlirougli an ahsorjition flask containing a solution of cadmium 
acetate strongly acidified with acetic acid (25 gm. luire cadmium acetate 
and 100 gm. gbunal acelic ai.-id per litre). After passing this flask the 
gas('s [lass through a narrow-bore tube of vitreous silica heated to 
redness by a B n n s e n burner with a flat flame, the gases passing finally 
through a second cadmium acetate absorption flask and then awjtvto the 
fniiK! ehanilM'r. When the steel has completely dissolved, tlie contents 
<^f the two absorption flasks arc mixed and the yellow cadmium sulphide 
is filtered off; tliis is a. rapid ojicration since the flask need not he washed 
carefully,—the operation is merely intended to separate tlie sulphide 
from thclailk of the absorption liquid. As soon as this has lieen done 
the ])iwipilate is washed from the filter hack into the original flask, and 
tlier<‘- dissolved in 10 c.c. of standard iodine solution,'^ the action being 
aided by the addition of a small quantity of HCl. The excess of iodine is 
then titrated by means of sodium thiosulphate and starch. It is to he 
observed that while this titration can ho carried out in the li([ni(l of the 
absorption flasks witho\it filtration, it has been found that tins occasionally 
leads to discrepancies in the results. Apparently, particularly in the case 
of high carbon steel, the evolved gases carry into the absorption flask 
sonietfnng whi di is capable of absorbing iodine, hut which is not sulphur; 
this disturbing substance can be eliminated by the filtration described 
above. A table is given showing the comparative results obtained by this 
process and by the gravimetric (oxidation) method, the agreeineiif in all 
cases being exceedingly close. 

Nolf'.—From the equation H.jS + I3 = 2HI + S it follows that 

• 

Ml ose iili ain, Iron and Steel Imiitute Journal, Vol. I., 1908. 

‘■^2 gm. of rc-auhlimed iodine are dissolved in 50 c,c. of water contaiuiog 4 gm. of KI, 
fln4 dilutee! to 1 litre, 
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1 C.C. "/lo iodine = 0*001603 gm. sulphur, or 0*03207 per cent, when 6 gm. 
are taken. 

If to 100 c.c. */io iodine solution are added 60*3 c.c. of water, a solution 
is obtained containing 7‘04 gm. iodine per litre, and of this 1 c.c. = 

0*001 gm. a 


LEAD. 

Pb = 207*2. 

The accurate determination of lead is in most cases better effected 
by weight than by measure ; tliere are, however, instances in which the 
latter may be used with advantage. The precipitation as oxalate or car¬ 
bonate is only of use whore the lead exists in the form of a tolerably pure 
salt or metal. 

I. As Oxalate (Hempel). — The lead solution strongly acidified with 
acetic acid, which must contain no other body jirecipitable by oxalic acid, 
is put into a 300 c.c. flask, and a measured quantity of normal oxalic acid 
added in good excess, the flask filled to the mark with ^vat<•r, shaken, and 
put aside to settle; 100 e.c. of the clear liquid may then be taken, acidified, 
with sulphuric acid, and titrated with permanganate for the excess of 
oxalic acid. The amount so found multiplied by 3, and deductiid from 
that originally added, will give the quantity combined with the lead. 

Aikalimetric Method (Mohr).— The load is pro<*ipitated as cai*- 
bonato by means of a slight excess of ammonium carhonahs together 
with free ammonia; the precipitate well washed, and dissolved in a 
measured excess of normal nitric acid; neutral solution of sodium sul¬ 
phate is then addeil to precipitate the lead as snlphat(;. Without filtering, 
the excess of nitric acid is then determined by normal alkali, each c.c. 
combined being ctpial to 0*10356 gni. of lead. 

3. Dlchromate Method I c.c. % dichromato - •01036 gm. Pb. 

The following process for carbonate ores, [)ig lead, and specially 
for red and white leads and litharge, has been workunl out l)y ,1. H. 
WainwrightJ The necessary solutions are: potassium dichrom¬ 
ate, of such strength that 1 c.c. represents about 0*01 gm. of metallic load, 
not much more nor less, standardized either u)M)n })uro metal, or on 
white load which has been accurately analysed for actual lead by weight; 
silver nitrate solution as outside indicator, not exceeding 2 or 3 per cent, 
in strengtfi. 

Method of Procedure : From 1 to 1*5 gm. of ore, litharge, etc., is 
dissolved in 10 to 15 c.c. of nitric acid (sp. gr. 1*20), th(i solution made 
slightly alkaline with ammonia, and a considerable excess of acetic acid 
added. It is then boiled, and potassium dichromate solution, in sufficient 
quantity to precipitate nearly all the load, is run in from a burette. 
The liquid is boiled until the precipitate becomes oi'ange-coloured, after 
w'hich the titration is finished, the final point being indioatcji by contact 
with silver nitrate as an outside indicator on a white plate. 

^9^9 A. H. how, Tedtnical Methods of Ore Anali/$is. ^J. A, 0, A, 1897> l*i 889, 
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The precautions to be observed are 

The solution of tlie lead salt must be as concentrated as possible, and 
decidedly acid with acetic acid. There must be absence of other metals, 
especially such as can exist in lower forms of oxidation. Antimony and 
tin, unless thoroughly oxidized, and bismuth are particularly to be 
avoided. During titration the solution should be kept as near the 
boiling-point as possible. The strength of the dichromate solution should 
not vary much from that given above, nor should the solution of silver 
nitrate. 

In the case of dealing with ores containing small quantities of silver, 
it is d(!sirable to precipitate this before filtration with a little solution of 
sodium chloriile. In this case it is well to employ larg(!r drops of the 
silver nitrate used as indicator. 

The method is sjiecially suitable for such substances as white lead, 
red lead, litharge, etc. Ked lead is dissolve<l by treating it with nitric 
acid, and adding a dduto solution of oxalic acid drop by drop until the 
lead oxide is comple,t(dy dissolved. It organic matter is present the 
solution should be liltered before titration. White lead can be dissolved 
directly in acetic acid, and thi! solution titrated without filtration. In the 
case of white load ground in oil, the sample should be dissolved in dilute 
nitric acid, the scjlution boiled, filtered, ammonia added in excess, and 
then an excess of acetic acid. The method can also be used with ingot 
lead, and alloys containing tin and antimony, but the sample must be 
thoroughly oxidized by repeated evaporation with fuming nitric acid, and 
the solution liltered before titration. 

The lead in solution, after addition of ammonium or sodium acetate, 
may be precipitated by e.xcess of "/n) dichromate solution. After boiling 
for a raiiiuto or two the precipitate is quickly filtered off, well washed, 
and the excess of dichromate in the cooled filtrate titrated with standard¬ 
ized ferrous ammonium sulph.ate solution and potassium ferricyanido as 
external indicator. Or the excess of dichromate in the filtrate may be 
determined iodimetrically by addition of potassium iodide and titration 
with sodium thiosulphate. 

Lead in various Ores.-— An investigation of many methods of deter¬ 
mining this metal has been carried out by J. C. B u 11.’ The best results, 
including the foregoing dichromate process, were obtained by the molyb¬ 
date and the ferrocyanide methods. The initial ))rocedurc in all the 
trials was to separate the lead as sulphate, which contained also gangue 
and other insoluble sulphates, by treating the ore with nitric or nitro- 
hydrochloric acid, evaporating wdth sulphuric acid and filtering off from 
soluble sulphates after being diluted. 

Alexander’s Molybdate Method'h— The mixture of lead sulphate and 
impurities, obtained as above, is boiled tor at least 10 minutes with am¬ 
monium acetate solution; the solution is then acidified with acetic acid, 
diluted to 200 e.c., again boiled, and a standard amm niium molybdate 
solution added until all the load is precipitated. The end-point is ascer¬ 
tained by slwking the solution vigorously, allowing it to stand for a tew 

^Analyst, 1903, 28 . 16. 

Soe J. a. S., 1893,64, 699. See also A. H. Lo w, Ttchnkal Mdlwds of Ore Amlyns. 
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minutes, and testing 1 drop of the clear liquid with 1 drop of a solution 
of I part tannin in 300 parts water and 1 drop of a lead solution; the 
appearance of a yellow colour indicates the presence of ainmoniuin 
molybdate in excess. The molybdate solution is prepared by dissolving 
9 gm. of the salt in 1 litic of water and standardizing against lead sul¬ 
phate. .Since the indicator is not very sensitive, requiring al)out 0-8 e.c. 
of molybdate to affect it, a blank must be made to ascertain the correction 
due to this. This method gave very good results when tried on the 
ores; the presence of antimony, bismuth, and calcium had no effect on 
it; but in the presence of barium and, to a lessor extent, strontium, it 
gave low results. 

Beebe’s Ferrocyanide Method The mixture containing the lead 
sulphate is gently heated to boiling with 10 c.c. of a saturated solution 
of ammonium carbonate. Afte/* coohng, the precipitate is transferred 
to a filter, thoroughly washed, and then placed with the filter-paper in 
a flask containing a hot mixture of 5 c.c. glacial acetic acid and 25 c.c. 
water. This is boiled until the lead carbonate has dissolved, diluted to 
150c.c., heated to 60° C., and titrated with standard 1 percent, potassium 
ferrocyanide solution, drops of uranium acetate solution placed on a 
white tile being used as indicator. Here also the correction duo to the 
indicator must be determined. This method also gave very good results 
when no interfering metals were present. 

4 . Lead in Citflc and Tartaric Acids, and in Cream of Tartar.— 
Warington^ has worked out the best method of ascertaining the 
proportions of lead in these commercial acids, and shows that ammonium 
sulphydrate is to be preferred to sulphuretted hydrogen for tlie pro<-ess, 
inasmuch as the tint produced is much more uniform throughout a 
long scale, and very free from turbidity. War ingt on’s description 
of the metho.l is as follows 

The depth of tint produced for the same quantity of lead present is 
far greater in an ammoniaeal tartrate or citrate solution than in the 
same volume of water; it is <)uito essential, therefore, if equality of tint 
is to be interpreted as equality of lead, that all comparisons should be 
between two citrate and tartrate solutions, and not between one of these 
and water. 

To carry out the method it is necessary to have solutions of lead-free 
tartaric and citric acids supersaturated with pure ammonia; these 
solutions should develop no colour when treated witli ammonium siilphy- 
drate. A convenient strength is 100 gm. of acid in 300 c.c, of final 
solution. 

The standard lead solutions are made by dissolving T6 gm. of 
crystallized lead nitrate dried over sulphuric acid in a litre of water, 
each c.c. = O’OOl gm. Tb. A solution made by diluting 100 e.c. of this 
to a litre is that actually used, 1 c.c. - 0-0001 gm. ?b. 

Of the tartaric or citric acid to bo examined, 40 gm. are taken and 
dissolved in a little water; warm water is most convenient for crystal 
and cold for powder; the solution is best prepared in a fl^k. To the 
cold solution pure strong ammonia is gradually added till it is in slight 


iSeeC\ A:, 1896, 7S, 18. 


9 J. S. a !.. 1893, 12, 97, 222. 
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excess; the final point is indicated in the case of tartaric acid by the 
solution of tlie acid ammonium tartrate first formed; in the case of 
citric acid it is conveniently shown by a fragment of turmeric pa|>er 
.floating in the Ii<juid. When an excess of ammonia is reached the liquid 
is cooled, diluted to 320 c.c., and filtered. 

As a preliminary experiment 10 c.c. are taken, diluted to 50 c.c. in 
the measuring cylinder, and placed in a nesslerizing glass, one drop of 
ammonium sulphvdrate solution added, and the whole well stirred ; 
the colour developed indicates what volume of solution should lie taken 
for the determination—this volume may range from 5 c.c. to 50 c.c. If 
less than 50 c.c. are taken the volume is brouglit to 50 c.c. with water, 
and one drop of ammonium sulphydrate is then added. 

'fho tint thus pro<lu<!e<l has now to be matched with the pure solu¬ 
tions. A volume of the pure ammoniacal tartrate or citrate, identical 
with that taken of the acid und(‘r examination, receives a measured 
quantity of load solution from the burette, the volume is brought to 50 c.c., 
it is placed in a nesslerizing glass, and receives one drop of ammonium 
sul[)liydrato; the experiment is repeated till a match is obtained. As in 
the pnsvious method, the best comparison of tints is obtained by making 
finally throe simultaneous experiments, one with the acid under e.xami- 
natioii, the other two with pure acid containing slightly varying amounts 
of lead, the aim being that the tint given by the acid to be analysed 
shall lie within this narrow scale. In following this method, considerable 
use has to bo mad(‘ of tlie weaker of the two lead soluLious already 
mentioned. 

The whole time reciuired for a determination of lead by this method 
now given is about U hours : this time will be somewhat sliortened as 
the operator becomes familiar with the tints produced by \arying pro¬ 
portions of lead. If traces of copper or iron are present, any interference 
on tlieir part may be removed by adding to the alkauno solution a few 
drops of potassium cyanide solution. 

The following imdliod answers well, and has the advantage that only 
10 gm. of sample arc used. 

Solutions required.— {a'^ Standard lead solution. strong solution 
is first made by dissolving 0*16 gm. of lead nitrate crystals in water and 
diluting to 100 c.c. The solution used as a standard is made by diluting 
10 c.c. of this strong solution to 100 c.c., and of this, 

1 c.c. =■ 0*0001 gm. Pb. 

(0*1831 gm. of lead acetate crystals dissolved in water and diluted to 1 
litre give a solution of tiie same strength). 

(6) Potassium cyanidek—10 per cent, solution in water (the B.P. 
recommends the addition of 2 c.<;. of hydrogen peroxitle solution (10 vol.)). 

(c) Ammonia.—10 per cent, solution, made by diluting 0*88 ammonia 
with twice its volume of water. 

{(i) Sodium sulphide.—10 per cent, solution, or 
Anu^onium sulphide (see note below). 

* Potassium cyanide is used to eliminato the effect of any copper and iron that may be 
present in the substances tested. 
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Method of Procedure.— (i) Cream of Tartar.—10 gm. are treated 
with about 70 c.c. of hot water and 16 c.c. of ammonia, and stirred till 
dissolved. The solution is made up to 100 c.e. and filtered through a 
dry filter. To the filtrate 6 or 6 drops of KCy followed by 2 or 3 drops 
only of sodium sulphide, are then added. 

(ii) Tartaric acid.—Dissolve 10 gm. in about 40 c.c. of hot water, add 
6 or G drops of KCy solution, then 25 c.c. of ammonia, which should 
make the solution ammonhacal, and finally 2 or 3 drops only of sodium 
sulphide. Make up to 100 c.c. 

(iii) Citric acid.—lOgm. are treated exactly as in (ii), except that 30 c.e. 
of ammonia are used instead of 25 c.c. (adding the reagents in the same 
oixler). 

The 100 c.c. of solution obtained in each case is then nesslerized 
against a standard solution made by treating 10 gm. of a iead-frco acid 
(tartaric or citric, as the case may bo) in exactly the same way, adding 
to it 2 c.c. of standard lead solution (a). It the acid being tested gives 
an appreciably darker colour than the standard, a smaller quantity of 
it should be taken and treated similarly. A darker standard should 
not be used. 

A'ofp.—In place of sodium sulphide W. A. Davis prefers freshly 
made colourless ammonium sulphide, prepared by diluting 2 c.c. of 
0-88 ammonia to 10 c.c. and saturating with well-washed HjS. 

Dr. MacFadden in a report to the Local Government Board' re¬ 
commends the adoption of a limit of 0-002 per cent, (approximately fth 
grain per lb.) of lead as impurity in tartaric and citric acicis and cream 
of tartar. 

5. Colorimetric Determination In Water.-When there is no heavy 
metal except lead present, simple addition of freshly made sulphuretted 
hydrogen water in the presence of weak acetic acid as suggested by 
Miller gives good results, comparison being made with standard lead 
solution (a) given above. The determination is m.ado in colourless 
glass cylinders in the same way as described for copper (p. 216', or iron 
(p. 245), taking care that the comparative tests are made under precisely 
the same conditions. 

Detection and Colorimetric Determination of Lead, Copper and 
Zinc in Water Supplies.—L. W. Wi nkl er'.—The sensitiveness of 
the HjS test for load, whether in alkaline or acetic acid solution, is 
increased by the presence of ammonium chloride. Two portions of 
100 c.e. each of the water are measured out. To one portion are added 
2 c.c. of 10 per cent, acetic acid, 2 gm. ammonium chloride, and 2 or 3 
drops of 10 per cent, sodium sulphide solution. To the otner portion2or3 
drops of 10 per cent, potassium cyanide solution are addei to convert 
ferrous iron to ferro-cyanide and prevent the precipitation of copper as 
sulphide, then after 2 or 3 minutes 2 gm. ammonium chloride, followed 
by 5 C.C. of 0'96 ammonia and 2 or 3 drops of the sulphide reagent. In 
the absence of copper the two solutions are nearly equal in tint, but if 

t 

^ Report (No. 2) on Lead au<l Arsenic in Tartaric acid, Citric acid, and Cream of 
Tartar, 1907. 

arujeio. 0., 1913, 26 , 38, also Analyst, 1913, 38,128, and J, A’. (/. /., 1913, 89. 167. 
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both metals are present the acid solution is the darker, whilst if copper 
alone is present the alkaline solution is nearly colourh^ss. By the use 
of ammonium chloride, as detailed above, it is unnecessary to make a 
number of standards, when making colorimetric determinations, since 
exactly the same tint is obtained by running a standard lead solution 
from a burette into, a sulphide solution as by adding the sulphide to an 
equal quantity of lead solution previously diluted. (Standard lead 
nitrate solution 0-1509 gm. per litre, 1 c.c. = -OOOl gm. Pb.) 

In absence of lead, copper is best didermined (:olorimetri(;alIy as sul¬ 
phide, again with the addition of ammonium chloride, which approxi¬ 
mately doubles the intensity of the coloration. 

But in the presence of lead it is determined by the ferrocyanide 
niethfMl (see page 215), after whicli the lead may bo detertniiUHl as 
follows: a few drops of 10 per cent, potassium cyanide solution arc 
added to the water sample and the (.*oj)per standard, when the red colour 
gives place to a yellowish green. This colour, which is etpia! in the two 
cylinders, does not interfere witli the siil)sequent determination of the 
lead as snlpliide. For full particulars as to determination of small 
quantities of zinc in water see ./. S. <!. B)13, 33, 157. 

With resp<‘et to the amount of lead in a water-8up])ly that may i)rovo 
injurious, Prof. P. Frankland makes tin? following statement: “As re¬ 
gards the quantity of lead in water from whicli danger to health is to 
be ayiprehended, it is now gmierally admitted tliat water containing any¬ 
thing abov(^ of a grain of lead jier gallon, or 0-07 ])art per 100,000, may, 
by continued us<-, produce mischief ”. 

6. Colorimetric determination of Lead Iri the presence of Iron (for 
testing chemicals generally).—d. M. Wilki(‘* reeomniends the follow¬ 
ing procedure 

A weighed portion of the substance is ilissolved in water and the 
solution made distinctly acid by adding a few <lrops of ae(*tic or other 
acid. 1 c.c. of tO percent, potassium cyanide solution is added, tlien a 
considerable excess of ammonia. If the solution is now colourless, it 
only remains to add a few drops of sodium sulphide solution and com¬ 
pare the colour produced with that developed by a solution eoutaining 
a known amount of lead an<l treated precisely as dotaile<l above. If the 
ammoniacul liquid is coloured, iron is present, and, if originally pre^ent 
in the ferrous stat(*, it is only necessary to heat the .solution to boiling, 
when the colour disappears, and on cooling to add the sulphide. Wlum, 
however, ferric iron is present another portion of the substance must be 
dissolved, acidilied, and a few drops of sodium thiosulphate added—^ 
the exact amount required depending on the amount of iron pn^ent. 
The solution is heated slowly to incipient boiling, allowed to stand until 
the colour suddenly disappears, and then potassium cyanide, etc., added 
as usual. 

According to E. Eegrive,^ potassium dichroniate shows Igm. 
of lead in 2,100,000 c.c., and sodium sulphide 1 gra. in 2,840,000 c.e., both 
■tests being made by diluting neutral aqueous solutions of lead nitrate. 

' /. -s; a 1909, 28, 636, and 1910, 39 , 7. 

17 


1914,38, 891. 
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. 24-:i2. 

An alkalimotric process for the dotermlnation of tliis substance has 
been adopted by Htolba, a roferetute to wliich is. made lUider IMios- 
plmric Acid, p. 121, but the time and trouble required to wash out tho 
ammonia by alcohol j-en<lers tlie method too didicult for general pur¬ 
poses. A much shorter procedure has been devjsed bv K. K. M ead e.* 

Tho method is based on tlie same principles as Williamson’s 
process described und(T “Arsenic,” p. H)2. He found that when a 
solution of arsenic a<*id contained suPRcient sulpliuric or liydrochloric 
acid the arsenic is quickly reduced to arsenious a(*id even in the cold. 
For every molecule of arsenic* acid so reduced there corresponds two 
atoms of magnesium, and two molecuh's or four atoms of iodine are 
liberated. Tins latter is titrated with sodium thiosulphate, and from 
the v()lume of stan<lard solution required the magnesium is calculated. 

The standard solutions are conveniently maile as follows 

Standaril sodium arsenato is prcpired by <lissolving 12‘2h gm. of 
pure arsenious acid in nitric acid, evaporating on a water-bath to dry¬ 
ness, neutralizing with sixiium carbonate in solution, and when dis¬ 
solved making up to a litre with distilled water. F;u li c.c. 1= <)*(Kir) gm. 
of Mg. 

The standard solution of sodium thiosulplmte is made to correspond 
to this cither by direct titration, or by making it equal to a standard 
iodine solution made by dissolving 52*24 gin. of pure lodiiu*, and 75 gm. 
of potassium iodide in about 2(H) c.c. of water, and making up to 1 litre. 
Kach c.c. - O'OOn gm. Mg. 

Mkthod OF Fkockduhk : Pour the magnesia solution, which should 
not contain too great an excess of ammonium clilorblo or oxalate, into a 
conical flask or a gas-bottie of sufficient size. Add onc-Miird Ihc volume 
of the solution of strong ammonia and 50 c.c. ot sodium jirscnate. 
Cork up tightly and shake vigorously for 10 minutes. Allow the precipi¬ 
tate to settle somewiint, then tiiter and wasli with a mixture of water 
and strong ammonia (I): 1) until the washings cease to react for arsenic ; 
avoid, how'cver, using an (‘xcess of the washing flui<l. Dissolve the pre¬ 
cipitate in dilute hydrochloric acid (1:1), allowing the acid solution to run 
into the flask in wliieli flic precipitation was nuulc, and wasli the filter- 
paper with the dilute acid, until the washings and solution measure 80 or 
100 c.c. Cool, and add from 3 to 5 gm. of potassium lodidi*, free from 
iodate ; allow the solution to stand for a few minutes, and then run in 
the standani thio^ul)^hate unlit the colour of the liberated iodine fades 
to a pale straw colour. 7\dd starch, and titrate until the blue colour of 
the iodide of starch is discharged. Jf preferred, an excess f)f thiosulphate 
.may bo added, then starch and standard iodine until the blue colour is 
produced. On adding tlui iodide of potassium to the acid solution, a 
brown precipitate forms, w'hich, however, dissolves when tlie thiosulphate 
is added 


J./ A. C. .S'., 1800,21. 746. 
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E.\'|ie]'ieni’e lias provofi that the whole process can he done within an 
linnr, and the results in the case of dolomite, limestone, slag and cement 
are. very near thn.se given tiy gravimetric methods. 

K ra n k fo r t e r ami C o ti e n ' state that a much stiar|«'r enii-roaction 
is olitained if starch inilieator is not used. They apply the jirocess to 
the determination of magnesium in water, thus 

TiOO c.c. of the water, after removal of iron and calcium as usual, are 
aeiililieil, evaporated to KH) c.c., till c.c. of strong ammonia and ‘JB c.c. of 
a 10 per cent, solution of sodium arsenate added, and the flask shaken 
vigorously for 10 minutes. 'The [irecipitate i.s liltoreit off, washed with the 
least possilde amount of dilute ammonia, dissolved in 2B c.c. dilute sul¬ 
phuric acid (1:4) into the original flask, the filter washed with 50 c.c. 
hot water, and ft) c.c. sulphuric acid (1 : I) added. .Titer cooling, 3-t> 
gm. of potassium iodide are added, the solution allowed to stand for 5 
minutes, then the liberated ioiline titrated with thiosuliihate without 
starch indicator. 

idir the determination of magnesium in water anaiysis in the 
solution remaining after (ireeipitation of the calcium, F. TV. liruek- 
miller“ recommends the following methods, (n) The solution is 
evaporated to dryness, and ammonium salts decomposed by heating. 
The residue is dissolved in a small volume of water, aeidilied with hydro¬ 
chloric acid, and after tiltoring, made slightly alkaline with ammonia. 
Microcosinic salt solution is slowly added to the cold solution, with 
stirring, and aflci’ the precipitate has formed a ipiantity of ammonia 
solution, eipial to one-third of the total volume added, is introdui'ed, and 
the solution allowed to stanil 18 hours. The preci|iitate is filtered off 
with the aid of suction and washed with 25 c.c. of ali'ohol. After trans¬ 
ferring with hot water to a beaker, a known excess of "To hydrochloric 
acid is added and the excess titrated back with "po sodium hydro.xide, 
using methyl orange as indicator. 

(I>) The solution is entirely freed from ammonium salts by evaporation 
and ignition, the residue dissolved in a small i|uantity of hydrochloric 
acid, ami the solution filtered. The solution is cooled, made alkaline 
with ammonia, which is free from ammonium sa.lts, and an excess of 
10 c.c. added. IP to 20 jier cent, excess of sodium arsenate is added 
slowly and with vigorous stirring which is continued for ahoul 10 
minutes after no further precipitation has taken place. The solution is 
allowed to stand in a cool filace to allow the precipitate of magnesium 
ammonium arsenate to settle, and, after filtering and washing with 3 
per cent, ammonia water, tlie precipitate is dissolved in hot water, and 
10 c.c. of concentrated hydrochloric acid and Olt gm. potassium iodide 
added for every 100 c.c. of liquid. The liberated iodine is titrated with 
"/lo thiosulphate. 

(c) 'The precipitate of magnesium atiimonium arsenate obtained as 
in (ti), after washing with dilute ammonia, is dissolved in hot water and 
the solution tran-ferreil to an Erlenmeyer flask fitted with a trap. An 
excess of potiaisiuni iixiide and 10 c.c. of sulphuric acid (I : 1) are added 
and the whole boiled rapidly until iodine vapours arc no longer visible, 

‘.f. .1. im, 39, ]161, ‘/tnV., 1907, 39, 610, 
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While still hot, the trace of ioilino remaining is destroyed with sul¬ 
phurous acid and the whole cooled qHi(tkly. The acid solution is 
neutralized with "/m sodium hydroxide, using phenolphthaleiii as in¬ 
dicator, and adding from time to time a solution of sodium phosjjhate. 
When titration is complete, the volume of phos)ihate solution added 
should be equal to one-half the volume of the io<line solution The total 
volume should t)e about 250 c.e,, and if gi'oater than this more phosjihatc 
must be added in proportion to keep the hydrogen ion concentration at 
the right value. For every 100 c.c. of "/m iodine, 11 gm. of Na.jHl’04, 
12HjO is necessary in a volume of 260 c.e. The arsenions acid is titrated 
as usual with "/w iodine. 

P. fi. Hibbard' has proposed a modification of the above procedure 
for small amounts of magnesium, 5 to OT nigm. 

MANGANESE. 

Mn = 54-93, MnO = 70-I13, MnO.; 

Factors. 

Metallic iron x 0-B3.o0-- Mull. 

„ „ X 0-491H = jMu. 

„ ,, X 0-7783 MnOj. 

Ferrous Ammonium Sulphate x 0-0!K)7 = MnO. 

„ „ „ X 0-1112 - ,Mn(i.,. 

Cryst. oxalic a<;id x 0-0890 - MnO.,. 

1 (-.c. "/lo solution = 0-003647 gm. MnO or - 0-(K)4347 gm. MnO.,. 

All the oxides of manganese, with the exception of the fii-st or 
protoxide, when boiled with hydrochloric acid, yield chlorine in the 
following ratios 

MOjOj = 1 eq. 0 ---- 2eq. Cl. 

MnjOj - 1 eq. O ^ 2 oq. Cl. 

Mn Oj -- 1 eq. 0 ~ 2 eq. Cl. 

Mn 0,1 = 2 eq. 0-4 e(|. Cl. 

Mn20, 6 eep 0 10 e(|. Cl. 

The chlorine so produced can l)e allowed to i-eact n|>on a known 
weight of ferrous salt; and when the reaction is (mmpl(d,ed, the un¬ 
changed amount of iron salt is determined by ])ermangauato or di¬ 
chromate. 

Or, the chlorine may be leii by a suitable arrangement into a .solution 
of potassium iodide, there setting free an equivalent quantity of iodine, 
which is determined by the aid of sodium thiosulphate. 

Or, in the case of manganese ores, the reaction may take plar^e with 
oxalic acid, resulting in the production of carbonic acid, which can be 
weighed as in Fresenius and W i 11’s method, or the amount of un¬ 
changed acid remaining after the action can be found by permanganate. 

The largely increased use of manganese in the manuffV-ture of steel 
has now rendered it imperative that some rapid and trustworthy methods 

•A /inf. Mwj. Vhem., 1919, 11, 753 ; (abstf,) ■/. >S. 0. /., 1919, JS, 797A. 
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of flotel'iiiiimlion slioiilj he cteviscd, an(i this has been clone hy well- 
known cheniists. The first niiithoci cJescrihecI appears to have Iwen 
siimiltaneonsly sugf{este<l hy Pat t i n s o n and Kessler; hoth have 
sucreeded in finding a method of separating manganese as dioxide of 
perfectly delinife comiiosition. I'atti n son' found that the regular pre¬ 
cipitation was seemed hy ferric chloride, and Ke s s 1 e r hy zinc chloride. 
W ]■ i g h t and .M e n k e have experimented on hoth processes with equally 
satisfactory i'csults, hut give a slight preference to zinc. J’a 11 i n so n 
lip-ates the resulting ,\InO,, with standard dichromate, and Kessler 
willi l)ornlang<lnat<^ 


I. Precipitation as MnO.^ and Titration with DIchromate 
(Pa 111 n son). 


'I'he aidhor’s own description of the method is as follows 

I his method depends upon the whole of the manganese tieing pre¬ 
cipitated as hydrateil dioxide hy calcium carhonate when chlorine or hro- 
mnic is added to a solution of manganous salt eontaining also a iiersalt of 
iron ora salt of zinc, and under certain conditions of temperature, etc. 
Tins method is used for determining manganese in manganiferous iron 
oi<*s. manganese nixis, spi<^geleis<*ii, feiTomaiiganesc, etc. 

Af KTiioi) or l>R(ici;i)URu : .A (|uantity of the sample to be analysed, eon- 
laimng not mori‘ tliaii ahont 0-25 gm. of manganese, is dissolved in hydro¬ 
chloric arid. In the case of spicgeleisen and ferromanganese, about H to 
4 c.e. of nitrie acid are afterwards added to oxidize the iron. In the ease of 
mangane.se ores, ferromanganese, and manganese slags, which do not con¬ 
tain as much iron as miiiigaiiese, there is added to the solution as much 
iron, in the I'orni of ferric chloride, as will make the quantities of iron and 
manganese in the solution about equal. An excess of iron is no draw¬ 
back, oxcepl that a larger preeipitate has afterwards to lie filtert'd and 
washed. 


llie excess of acid in the solution is then neutralized hy the addition 
of l■lll(•illm earhoimle, which is added until a slight reddening of the solu¬ 
tion IS proiliieed. The solution is then rendered very slightly aciil hy 
dropping into it just eiiimgli hydroehlorie ai'iil to remove the reil eolonr. 

^ llien add in all eases ;i() c.c. of a solution of zinc chloride I'ontaining 
d-o gm of metallie zinc. The li(|nid is then lirought to the boiling jioint, 
and diluted witli boiling water to about dOOc.e. 

110 c.e, of a solution of calcium hypochlorite, made hy dissolving about 
•I.! gm. ol bleaching powder jier litre and filtering, are then poured into the 
manganese solution; hut to the hyiiocliloritc solution, Ixifore |ionring it 
info Uie manganese solution, there should he added just enough hydro- 
chloric acid to gi\ e it a faint iiermanent greenish-yellow colour after gentle 
agitation. ® 

The object of this addition of acid is to prevent a precipitate forming 
wnen fhe hypochlorite is added, due to the alkalinity of tliis solution. 
When hydroehlorie acid is added in this way to the solution of calcium 
Hypochlorite, the manganese solution remains clear on the addition of the 


J. .S’. C. /., 1891, 10, 337. 



MANGANESE. 


^62 

calcium hypochlorite, <and any posf^ihle local precipitation of manganese in 
a lower state of oxidation than ^MnOa is obviated. 

Finally, add to the jimngancse solution al)oiit 3 gni. of calcium (car¬ 
bonate diffused in about 15 c.c. of boiling waticr. After the first evolution 
of carbonic acid has ccas(?d, during vvliich tijiuc the cov(U‘ is k(cpt on the 
l)eaker, the preci})itate is stirred to inak(5 it collect together, .uid 2 c.c. of 
alcohol or methylated spirit an; added and it is again stirred. 

The precii>itat(c is then thrown upon a large filter and waslied, at first 
with cold water until thegneater i)art of the chlorine is removed, and aft(“r- 
wurds, to make the washing more rajad, with warm water at about 155'^ 
F. (05° 0.). It is washed until, afber draining, a- drop shaken down 
straight from the precipitate l)y gently jolting the funnel shows no in¬ 
dication of chlorine when tested with a strip of iodi/ed starc)i-]>ai»er. As 
a matter of practic'o two or three washings are giviui aftei’ there lias ceas(‘d 
to lie any indication of chlorin(\ 

By carrying out the jiroccss in tlie manner here de>cnbfd, the tein- 
piTature of the licpiid, imnuidiately after the precipitation is (complete, is 
about 170° F. (77° C.), and it is found tliat tlie liest and most constant 
results are ol)tain(‘d when tin* tmnperature after precipitation is near tins 
l>oint. 

70 c.c. of an aeidifie<l solution of ferrous .sulphate, containing about 0‘7 
gill, of iron, and made liy dissolving crystailized ferrous sulpliatc in a mix¬ 
ture of 1 ])art of monoliydrated sulphuric a(!id and .‘i jiarts of water, are then 
accurately measured off liy a ]»i|)ette and run into tlu' hcakc'r in which tiue 
precipitation was mad(“. Tluc filter jiajicr, togidhm- willi tlic j)recipitat(c, 
is then ivmoved from the funnel and placed in tli(‘ solution of ferrous 
sulphate in the Ivaker. Th(‘ )>reci]>itate readily dissolves evim in the coi<f 
(sometimes it may be nececssary to add a little more acid to disholv(‘ the 
ferric hydrate completely), the mangam^se dioxide converting its c(piivalcnt 
of ferrous sulphate into ferric sulplmte. A sufficient (piantity of cold water 
is now added, and tlie ferrous sultihate still nmiaining is titi'ated witli a 
standard solution of jiotassium dichromatc. 

The exaect amount of ferrous sulphate in 70 c.c. of the ferrous sulpliate 
solution is determined by measuring off into a clean beaker another tior- 
tion of 70 c.c. and titrating with standard dichromati* solution. The 
difference Ixdween tlic amounts of that solution nsjuired gives the 
quantity of ferrous sulplmte oxidized iiy the manganese dioxid(‘, and from 
this the jMcreentage of manganese in the sample can he calculated. 

The ferrous sulplmte solution should bo standardized from day to day, 
as it undergoes slow oxidation on exposure to air. 

A solution of bromine in water may of course lie used instead of the 
hypochlorite solution, in which ease no acid is added to the liromine solu¬ 
tion. When using bromine, a solution containing about 0*7 gm. of bro¬ 
mine (about 22gni. per litre) should be used, and 90 c.c. of this solution 
used for precipitating about 0-25 gm. of manganese. 

' The unplea.santness of working with bromine may lie mitigated, to 
some extent, by adding to the bromine solution, before jiouriug it into the 
liquid containing the manganese, a few drops of a solution of sodium hy¬ 
drate until nearly all, but not <piite all, the bromine is takiMi up. If an 
excess of sodium hydrate w(ir(^ add('d to the bromine it would produce a 
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proeipitato on pourinf^ it into tho manganese solution, an<l this is to be 
avoi(lo<l. 

It is jH-oferable to liav<* both zinc and iron in solution witli fhoiiian- 
gaiu'sc. Wlifii working with oitlier of tliesc alone ail th«! manganese is 
obtained in the form of dioxide, luit with iron alone there is a greater 
tendeiu'v to tlui formation of permanganate than when zine is also present. 
This point was also notie<':d by W r i g li t and .M e n k e.* Wljen zinc alone 
is pn'SLMit, it IS found that tin? pnvipitation of the dioxide do«!s not take 
place so rapidly as when iron is also present. When l)oth iron and zinc 
are tis(‘d, there is very seldom any permanganate formed, if care is taken 
not to use an unnecessarily large excess of chlorine or bromine, Imt oc- 
(^asionaliy lliorc is a small (juantity formed, es[)ecial!y if the precipitate 
i^ left to staml some considerable time before filtering. It was found 
that the a<ldition of a vimt small <piaiitity of alcohol immediately after 
the precipitation of tin* manganese is complete entirely prevents the 
formation of permanganate even when a large ex(*ess of ehlorine has 
heeii used, and for this reason it is well to add it. 

When filtering paper has heen wetted with the solution containing 
free chlorine or bromiiK* and afterwards vvashcil (dean, it lias no reducing 
action cither upon jiotassium <lichromate or upon terrh; sulphate. The 
addition of tln^ filter together with the precipitate to the solution of 
ferrous sulphate, therefore, does not intluence the result. 

It must he [lomted out tliat tin' presence of lead, eoiiper, nickel, 
cohalt, and cliromiiim m the sultstances under examination interferes 
with the accuracy of this method of titrating manganese. 

It was fouiul that so large a proportion as 1 pm* cent, of k^ad, copper, 
and nickel <loes not greatly interfere with the test, but the interference 
of cobalt, and e^piM.-ially of ehrommni, is serious. All tliese substances, 
extiept chromium, form, undisr the conditions of the test, liiglier oxides 
insoluble in water, which are pr<‘eipitat(*(l with tlie manganese dioxide, 
an<l which oxidize ferrous siilfiliate to ferric sulpliate ; whilst chromium 
forms soiiu' insoluble chromate wliieti goes down witli the manganese 
dioxide. 

JAutunatelv tluse metals rarely, if ever, occur in the ores of man¬ 
ganese or in spiegoleisen and ferromanganese in sullicient quantity to 
affect the pra(;tical accuracy of tins test. 

This volunu'.tric method cannot, howiwer, he applied to the deter¬ 
mination of manganese in alloys of those metals, sueli as ferroehrome 
or in ores containing these metals, without previously separating them 
from the solution containing the manganese. 

1 e.c. **/io di(du'oniate -= 0-0()2747 gm. Mu. 

S a n i t e rMn criticizing the method gives it tlie credit for yielding 
sliglitly low results, and advoeat(^s the standardizing of the dicliromate, 
not upon iron, but upon a inanganose oxide of known emnposition. 

1’ a 11 i n s o n prefers to use bk^ach solution to liromiue, l)(M*aiis>e the 
formation of permanganat(‘ is more easily seen. In any case not more 


s. Tnois., 1883, 43. 
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than a trace of permanganate should bo formed, and if the first experi¬ 
ment shows this to bo the case, another trial must bo commenced with 
less oxidizing material. 

J. W. Westmoreland describes a modified method which is 
designed to overcome some objections raised against the above pro¬ 
cesses. 

With fcrro-manganese and ores containing about 50 to 60 per cent, 
of Mn, about 0*4 gm. 's taken ; ores with 40 per cent., 0'5 gm. ; man- 
ganiferous iron ores, with say about 20 per cent, each of Fe and Mn, 
0’76 gm.; s])iGgelcisen and silicospiegels, with about 25 percent. Mn, the 
same. 

The material, having been brought into solution by any of the 
methods described, is concentrated to a small bulk in a large conical 
beaker. A solution of ferric chloride, containing about the same amount 
of iron as there is approximately of Mn, is added, together with a solu¬ 
tion of zin(' chloride, containing about 0'5 gm. of Zn. The excess of acid 
is then neutralized with caustic potash, so that the bulk of liquid is 
about 80 c.c. To this is added alwut 60 <'.c. of saturated bromine water 
(more for ferro-manganese, less for manganiferous iron ores) and zinc 
oxide emulsion * is gradually dropped in with shaking, until the Fe and 
Mn are j>rc(:ipit.aied (care must l>e taken to avoid a large excess of zinc 
oxide). Tlie beaker is then fill<;d up with boiling tap-water, and the clear 
li<iuid poured through a filter, previously ?xdding a h'w drops of alcohol. 
The beaker is then filled with boiling water five times in succession, 
the precipitate lacing stirred uj) with tin; hot water eacli tiiiK; of washing 
and allowed to settle. It is then brought on the filter, and again freely 
washed witli boiling distilled water. The filter and contents are then 
transferroNl to tin; beaker, an excess of acid solution of ferrous sul])hate 
added, and when the precipitate is dissolved the liquid is diluted with 
cold distilled water, and tin; excess of ferrous iron determined at once 
with permanganate. The value of the iron solution in metallic iron is' 
found by titrating the same volume of iron solution as Inis actually been 
used for dissolving the Mn precipitate, and the Fe oxidized multiplied hy 
0-4018 = Mn. 

it is a))sohitely necessary, in order to get accurate results, to wash the 
precipitate as thoroughly as is here insisted upon. 

2KMnOj + 3MnO = + 6MtiOa 

1 c.c. “/lo |)crmanganat(; - 'OOlCiS gm. Mn. 

*Tlie emulsiou of zinc oxido miiy, of cniirfic, be readily :iia<le by rubbing ilown pure 
zinc oxide iu water so aa to be of about the coiisistencK of cream. Km iri ertoH (Trans. 
Anier. Just. At in, Eng., 10 , 201), suggests the following methoil of prejiarmg this reagent. 
Dissolve ordinary zinc white Id HCl, aiM the pow<ler until there remains some undissolved, 
then add a little bromiue water; heat the mixture, filter and precipitate the zinc oxide 
from the filtrate with the slightest pos.siblo excess ol ammonia. Wash thoroughly by de¬ 
cantation, and finally wash into a bottle with approximately enough water to give a proper 
cousistence. By this method a very finely divided oxide is obtained, owing<to its not being 
dried. 
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X Volhard's Permanganate Method.' 

This nictliod coiiKista in titrating a hot solution of manganous sulphate, 
containing zinct sul))hato, with potassiuin permanganate, when MnO.^ is 
precipitated, the reaction Ixiing essentially as follows 

SMnSOa + 2KMnO, + 2H,0 = SMnOa + +Jf,S(V 

Hene(‘, 1 c.c. {)eriiianganate = 0*001048 giu. ^In. The iiudliod has 
been the subject of numerous modifications.’' The details of the original 
proe(iss are as follows :— 

A (piantity of material is taken so as to contain from 0*3 to 0*5 gm. Mn, 
dissolved in hydrochloric or nitric acid, evaporated in porcelain to dryness, 
first adding a little ammonium nitrate, then heated over the flame to 
destroy organic niatt(T. The residue is digested with HCl, a little strong 
HaS 04 added, and again evaporated to dryness, lii“st on tlie water-batli, 
tium with greater heat till va))ours of SOj are evolved. Jt is then washed 
into a litre flask and neutralized with sodiiini hydrate or carbonate; 
suffieituit pureziiu^ oxide, made into a cream, is a<lded to })recipitate all the 
iron. Th(? flask is filled to the mark, shaken, and 200 c.c. filtc*red off into a 
boiling flask, aci<li(icd with 2 drops of nitric acid (sp. gr. 1*2), lieated to 
boiling, and titrated witli **/iope?*nuinganat(^ while still hot. Owing to the 
presence of the trace of nitric acid, most operators now deduct 0*2 c.c. of 
permanganate before calculating the manganese. 

S li I* n s t r 0 m ’ s method of using this |)i*oeoss for determining man¬ 
ganese in iron ores, as describcid by Mixer and Du Bois, is to pre¬ 
cipitate tliii iron ill hot dilute solution by sodium carbonate, care lieing 
taken to add no more than is just suflicient to precipitate the iron ; then 
titrating (without filtering off tlie ferric oxide) with permanganate. Using 
tlie soda in this way <ioes not give perfetd neutralization, yid. it gives 
excellent results, as shown by both Mixer and Du Hois and G. 
A 11 e h y. This is difficult to explain, as nientioneil by the latter chemist, 
because in working either Volhard’s method or Stone’s modi¬ 
fication of it, there must be a much larger (juantity of zinc emulsion 
used than is necessary to precipitate the iron, in order to avoid too high 
results. Hut all experiments show that Sarnstrdm’s process is 
quite free from this error. A uc h y is of opinion that either the ferric 
oxide, by its presence, in some way prevents higli results being obtained 
when solutions arc incompletely neutralized, or by its presence prevents 
the precipitation of manganese dioxide, unless the solution be exactly 
neutralized when titrated; tlic jicrmanganatc simply colouring the solu¬ 
tion, and no manganese being precipitated unless more soilium carbonate 
is added. 

G. E. Stone’s modification of the original Volhard’s method 
gives an easier and quicker result, as no evaporation with sulphuric acid 

1879, 198, 318. 

Modifications of V o 1 h a r d’.s original metho<l have been discussed by 

May e r, amjew. Oloem., 1907, 21, 1980, and A nalysi, 1908, 38, 34 ; 

II e i k e, Stuh! n. Kiseti, 1909, 1921, and J. S. (I A, 1910, 29,114 ; 

Deis H, Ohem, Zeit., 1910, 237, and J. N. C‘. /,, 1910, 29, 456 ; 

F i s c h e r, Z. anal. Vhem ,, 1909, 48 ,751 , and J. S. C. I., 1910, 29,47. 
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is needed, and the precipitate of ferric oxide rapidly snbsidas in the 
faintly acid nitric acid solution. 

i>[ETiioi) OF j‘U(i('Ei)iiuK: The necessary )>recautions, as given by (t. 
A II c h y, arc printed in italics. 3-3 gm. of drillings are dissolved in 50 
c.c. of nitric acid (sp. gr. r20) and ashed into a 500 c.c. measuring flask. 
Two-thirds of the amount of sodium carbonati^ solution emissary for 
t'omjilete neutralization are added, and the liijuid coolrd. Zine oxide 
emulsion is tiien adde<l until the solution stiffens, an c/cm heiny uvoidtul. 
After <iilulion to about thn^ii-fourths tin? capacity (»f the lla^'k the whole 
is allowed to stand until the feme oxide hegins to settle, and a cinwdcmUc. 
cjrc.vx of zinc oj-iilr fnudmoii flwn added to the colourless solution. After 
being made np to the mark and well sliaken, the precipitate is allowed to 
settle, and 250 c.c. of the clear solution heated in a flask to boiling and 
titrat(Ml with t)ermaiigauate of strength 0-0()5G. After making the neces¬ 
sary deductions for impurities in the so<linm carbonate and zme oxide 
{wlii(‘h have Ihmui jireviously aseertaineil), the number of c.c. of ))eriiian- 
ganate taken is divides! by 10, and iYO'!per eeni. deducted from tint result. 

W. Fischer’s Modification of Volhard’s Methodd — This 
modification is ciaimeel to give accurate l■c^ults in the presence of 
chlorides and wliem titrating witli a solution of permanganate stamlard- 
ized by oxalic acid, without the use of a corree.-ting fae-lor. A solutiem of 
manganous salt, containing hydrochloric or sulphuric acid, is treated as 
follows 

Sodium liydroxide is adeled until asliglit preedpitate appears ; this is 
redissolved with a few ilrops of sulphuric aci<l, 1 gm. of freshly ignited 
zinc oxide and 10 gm. of zinc sulphate are addenl, and the* sohiliori is 
titrated with permanganate, with fre<pi<‘ut boiling and sliaking. Then 
1 (\e. of pure ylae/al aeetie acid i.'i added and tin* liquid is beiileel ; this dis¬ 
charges the pink colour, apparently owing to the liberation of absorbed 
mangfinous salt frejiii tlie precqntah*, whieh becomes flejcculent and 
settles, ami the liquid is again titrated until tlie pink colour is restoreel, 
the total volume of permanganate used being taken as that required to 
react with the manganese. If sulphates only be present, about 10 gm. of 
zinc sulphate are added for every 10 c.c. of ** 'io poi'inanganate used. Iron 
when present, as in the analysis of ferromanganese, is, as usual, precipi¬ 
tated witii zinc oxide, and manganese is determined m the lilrrate. 

Cahen an<l LitlleMiave investigated llus modifieation and find 
that it gives very consUtent roults. 

3. Determination by Conversion Into Permanganic Acid by means of 
Sodium Bismuthate. 

The essential principle of the bismuthate process is the rajml and 
conqilete oxidation of a manganese salt to jiermanganic acid in cold 
nitric acid solution, and as there is no limit to the amount of manganose 
oxidizablo the jiroi'ess is applicable to ricli alloys. The liismuth in the 
reagent exists as the tetroxide, I{U) 4 , and this compound furnishes tiie 

«. i'hem.. 190.1, 48, 7i.l-7fJO. 

- .4 iKili/i't, 1911, 38, 52. Tliin paper givon au iijUTtf-stiiig review ol llie wliole .nubject, 
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available oxyj^en. Sodium bisniutliato lias no lixcd coin[)ositiou. The 
reaction that takes place is essentially as follows 

2MnO + OliiA ^ + blii,/),- 

Red drop and Ra mage’s Method (modified).^ 

Solutions required.— (i) Decinorinal potassium permjinjfanaie. (ii) 
Docinortnal solntion of ferrous aniiiKniniiu sulphate, made by dissolving 
about 40 gni. of the crystals in alumt 000 c.c. of wabu’, adding 20 to 20 (‘.c. 
of strong suljihuric acid and making the cold soluiioii up to 1 litre. The 
exact strength of the solution is determined from ,time to time by (i). 
30*22 gm. of th(^ crystals would give a solution of exact strength. 

Reagent required. —Sodium bismuthate, winch is made as follows: 
Jlcat 20 [larts of sodium hydroxnlc in a nickel or iron dish until all the 
water is expelled and the lualerial is nearly red hot. Add in small 
«|uantities lOparlsof bismuth subnitnit(“ previouslv heated untd all tlie 
water and nearly all tiie nitric a<‘id hav<‘ been driven oli. To tiie fused 
mass add 3 parts ol sodium ]»eroxide and pour the )»rownish yellow fused 
material on an iron jilate to cool. When coM, but before it begins to 
deli(|U(‘<c(‘, break it u|i and |ila<'«* it in a large jar of waler to dissolve the 
excess of sotla salts. Wa^b by decantation and finally on Ihejnimji in 
an alundum dish, or if this is not availal)le, on a hard filb'r. Dry at a 
low heat and pass through a line sieve.* 

According t(» B la i r the dehcaev of the nnietKin of manganese in nitric 
acid solution with sodium bismuthate is such that O'OOdllOo gm. of man- 
gaiM‘s<‘ gives an ajijinuiiablc colour in 50 <-.e. of solution. 

Thr I’kookss: Exactly Id gni. of the drillings ar(‘ placed in a small 
flask and 30 <• c. of nitric acid (sp. gr. 1'2) added. When the viohuit aetion 
has snbsi(.l«*<l, heat to boiling on the hot tdate and add from I iine to tiiiu^ 
a little sodium bismuthate in order to oxidi/e the caibonaci'ous matter. 
The, amount of bismuthate reqnin^d depiuuls upon the amount of earlion 
in tlie sami>le, mild sb'cls requiring only a few ingm., but hard steids, etc., 
oonsidcralily more. In any case the carbon must Ik* comjilcb'ly o\i<li/,ed 
by the bismuthati* or grave errors will result. .Most steids contain 
sulTicimit manganese to yield a permanent brown pre<'ipitate of liydrated 
peroxide of manganese when the oxidation of the carbonaceous matter is 
completcc This preeipitate is then just dissolved by adding a few drops 
of sulphurous acid or ferrous sulpliate solution and tlu^ bask at oin'C 
cooled under tlu^ tap. to 2 gm. of bismuthate are added and the tiask 
shaken several times during 3 minutes. Allow to sidtD. The sti-ongly- 
eolouri'd supernatant liquid is then carefully decanted on to an asliestos 
filter, the residue washe<i several tilings by ileeaiitathm with 2 |M‘r cent, 
nitrie acid, tlie washing being completi^ wlieii the li(|uid comes through 
the filter jierfeetly colourle^s. Solution (ii) is now run into the above 
liquid, with shaking, until the dark li(iuid has become of aiKilegreen colour. 

”/io permanganate is then added froiiii a l)ur(‘tt(‘, a drop at a time, until a 
periiianent*p<dc pink coloration is protliiced. 

'Arnold ainl 11>bot s o ii’s Sttwl ll'orA:.'! A mdi/.ti.'f, 3ril rdittoii, 

* It 1 u i r ’ 3 Cheuiwal .1 iialj/si.s of Inni, 8t.li mlitiou, 1918, 
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Tiic standardization of tlie ferrous solution is thorn olTocted by at once 
runnin}? in about 20 e.c. of it into the same Hask vvitlioiit wjisliing out the 
finisluMl assay and a^aiii titralinjx with j)crmanj,^ji,nato of exact strength. 

Ic.c. ferrous amnioniiim sn!))hate = (K)011 gm. Mn or 0*1 percent, 
on I’l gm. of steel. 

Kxami'LE; 2t)'2(‘.c. of ferrous solution added as above re<piiml 20-8 c.c. 

20 8 

of */w piM'manganute. Hence each c.c. of the hn-nier = - I'O.'t e.c. of 

^lio strength. 

M gm. of tiie sample required lO-O c.c. of the ferrous solution, equal 
to lO'O X rod = lO'O e.o. of (‘xactly ^ho strength, and 0*85 c.c. ))ermanganate 
as re(]Uircd to prixluce a junk coloration. Ileivec!, JO-O - 0-35 - 10-55 e.e. 
^‘'lo huTons aminoiiinm suljjhate were used, equivalent to 1-055 per cent. 
Mn. 

(Ihroininm interferes with the above process, since the bismuthate 
added to the hot solution converts some of tins element into rlironiie acid 
and thus leads to unduly high results l)eing ohtaitKHl. In such eases it is 
necessary to atld ratluu- mon* snipluirous acid than is just requii-e(| to 
clear the pr<*ci[)ita-te<l manganese peroxide, thus reducing tlie chromic 
acid again. After cooling, the process is carried through iis rapidly as 
pos.sible, when the amount of clirojiiium oxidized in tlie time occupied is 
negligil>I<’!. 1) e ui <m' e s t ^ states that if the jKu-manganic acid solution ob¬ 
tained by the oxi<lation wnth bismutiuitii be titrated directly with sodium 
arsenite solution, any chromic or vanadic .-leid wliiclj may he present has 
no ijiduence on the results. 

Metzger and McCrackan'^ Modification of the Bismuthate 
Method.— This dej>onds on the fact that, in hot sulphuric acid solution, 
sodium bismuthate oxidizes manganese to the quadrivalent condition 
(not to permanganate), and to the further fact ihat in cold sulphuric acid 
solution the oxidizing power of sodium bismuthate is so restricted, that 
it is unnecessary to ri-move tin; excess of bismuthate from the cooled 
solutiou'by filtration before proceeding to the titration of the quadri¬ 
valent manganese. 

Method or TnocKonkE : To tlie manganese solution JO to 15 e.c. of 
sulphuric! aeid are added, together wdth sufficient water to bring tiie 
volume U|) to 00 or 70 e.o. The mixture is allowed to cool, and tlujn 1 to 
2 gm. of sodium bismuthate are introduced into the flask in such a way 
that none sticks to tlie neck or sides. The Hask is plaeed in a cold-w-ater 
bath, which is then heated to boiling, and kept boiling for 20 minutes. 
The contents of the Hask arc cooled under the tap, a measured amount 
of standard ferrous sulphate solution, more than sufficient to react with 
tlie quadrivalent manganese, is added, the solution diluted to 200 e.c., 
and the excess of ferrous sulpliate determined by titration with perman¬ 
ganate. Mn = 2Pe. The extreme error of tlie method is 0-3 e.e. of **/io 
solution, and manganese is never over-estimated. 


j./. I,iU. Kng. 1912, I, 19 


A. (\ lyiojaz, 1250. 
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4 . Colorimetric Method of Determination of Minute Quantities of Man¬ 
ganese by Conversion into Permanganate (Persulphate Method).^ 

Tliis oxidation, which was formerly brought about by means of lead 
peroxide in presence of nitric acid (W a 11 o r C r u ni, 1845) was found by 
H. iMavshallto bo efrecte<l with certainty, with the production of a 
clear solution, l)y ammonium jiersulphatc in the presemtj^ of a trace of 
a silver salt. This idea has been applied practically to samples of steel, 
pig iron and cinders by H. K. W alters, whose s(*henie is as follows 

Solutions required.— («) Silver nitrate solution, containing 1'35 gm. 
l)er litre; best ma<le l)y dissolving 33’25 gm. of the salt in 5(K) e.c. of 
water and diluting 10 c.c. of this to r>00 c.c. to form the solution to be 
used. ( 6 ) Ammonium persulphate. The salt acts best when slightly 
damp. W alters adds JO c.c. of water to ea(*h 1 lb. bottle of the dry 
salt and mixes intimately. 

]\lKTH<m OF pRociiDuaE : 0-2 gm. of the steel to l)e tested and the 
same quantity of a standard steel of known manganese content, are 
weighed out and put into test-tubes 8 inches by 1 inch, and 10 c.c. of 
nitric acid (sp. gr. l’ 2 )are added to each. 'J’he tiii)os arc placed in a 
water-l)atb and heated until solution is (complete and all nitrous fumes 
have been driven off. 10 c.c. of silver nitrate solution (rt) are 
added to (uich tube in tlie bath, followed immediately by about 1 gm. 
of ammonium persulphate, the tube being heated for altout half a 
minute after oxidation has (commenced. Tlie tubes are removed froiti 
the bath while tlie evolution of oxygen continnes and placed in cold 
water. After a few minutes the sidutions will be cool, and they are 
then rinsed into Nessler tubes and compared as usual, B’or high 
manganese steels (075 per cent. Mn and upwards) b*J gm. of the sample 
is taken. 

For pig irons and blast-furnace (dnders |)ro(;ecd as above until the 
sample is dissolved, but moisten cinders before adding aedd. When solu¬ 
tion iseffe,ct.ed the suspended matter should befilienMl off and the paper 
washed with the 15 e.c. of silver nitrate solution. Then continue as for 
steels. Kxcelient results are shown in comparison witli tlie older per¬ 
oxide method. 

TiTJiATioN Method; Jn place of the above colorimetric comparison, 
after rapid cooling and before all the persulphate is decomposed.(in order 
to avoid precipitation of manganese as tlie hydrated oxide), the oxidized 
solution may bo transferred to a small flask and titrated with standard 
arsenito solution to a pale green. The arsenite solution should be 
standardized to the same end-point against a steel of known manganese 
content. 

Colorimetric Determination of Small Quantities of Manganese in Water 
(H. Liihrig).^ 

Keagents required.—(a) Special distilled water, made by colouring 
ordinary ffistilled water witli permanganate, distilling, and collecting the 
distillate apfter the first 61) c.c. have come over. 

' C, jV., 1901, 83 , 76 (Mar sh aU) and M, 239 (Walters). 

^ Chill. XeU., 1914, 38, 781. The method is apparently based ou obseivations of H. 
Marshall (see C, N ., 1901,83, 76). 
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(^) Potassium pprmanj^anate, mailo by dissolving0’J58gni. of tlie 
pure crystals in 500 c.c. of tin* distilled water (<<). 

1 c.c. ^ O-OOOn gni. Mn. 

Mi-rruon of PiuicEDUHii: : 100 c.(t. of tlje water to l>e evamined (or 
more, if neeessai'v, cvaj)oraled with a few di’ops of nitric aciil to rather 
i<‘ss tlian too c.c.) ar<‘ inix(‘d with 5 c.c. of concentrated nitric acid and 
silver nitrate solution in <|uantity slightly more than siifticient to pre¬ 
cipitate the chlorides present, then 5 grn. of aminonintn porsulphato in 
strong solution, and the liquid boikMl for 5 minutes. If manganese eom- 
pounds are present, tlie colour of permanganate is produced, and the 
cooled li(|uid is at once ncsslerized witli-a standard permanganate solu¬ 
tion made by adding 0-5 or 1 e.c. of permanganate solution (/>) to lOO 
c.c. of distilled w-ater (e). 

MxAMPia;; 25(1 e.e. of a water were evaporate<l, after addilion of a few 
drops of nitric acid, to about 05 c.c. and treated as above, using as 
standard 0'5 c.c. of permanganate solution. 02 c.c. of tlie standard solu¬ 
tion gave tlie. same colour as the prcjiared sample. Then the amount of 
;Mn in the 250 c.c. taken is 

li2 

X -(MlOOnOo - 0-00003i:igm. Mil 

or 0 0125 part manganese pm' 100,000. 

Jiesults are reconled in which 50 e.c. of water containing 0014 mgm. 3ln 
gave, as mean values, O-O40K and 0 0483. Satisfactory n'sults were ob¬ 
tained with tap-water to which from 1 to 10 mgm.. Mu were added per 
litre and treated as above, jirovided that the water was not allowed to 
stand too long before the linal cojujiarison. 

I^fidhods similar to the alsive are tliosc of H a r t w 1 g and Schell- 
b a c h,' and Till m a n s and M i 1 d n e r.” 

5 . Technical Examination of Manganese Ores used for Bleaching 
Purposes, etc. 

The ore, when powdered ami dried for analysis, rapidly absorbs 
moisture on exposing it to tlie air, and consequently has lo he weighed 
quickly ; it is better to keep the powdere<l and dried samph' in a small 
light stoppered bottli*, the widght of which, with its {‘outents and stojiper, 
is accurat(*ly known. About 1 or 2 gm., or any other quantity within a 
trifle, can be emjitied into the jiroper vessel for analysis, and the exact 
quantity found hy reweighing the bottle. 

A hardeneil sled or agale mortar must be used to reduce the ininoral 
to the finest po.ssihle powdiw, so as to ensure its complete and rapiil de¬ 
composition by the hydrochloric acid. 

Considerable discussion has taken place as to the best processes for 
determining the available oxygen in manganese ore ;, arising from tlie 
fact that many of the ores now on tlii^ market contain iron in tlie ferrous 
state; and if such ores be analysed by the usual iron nidthod with 
hydrochloric acid, a portion of the chlorine produced is employed in 

»A.S'. /., iy’3, 32, 1125. 


2/6c/., 1914. 33,709. 
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oxidizing tho iron (■ontain«^d in tho original ore. Sueh ores, if examined 
by Fre s e n i u s and Will’s method, show, therefore, a liighor pereent* 
age than by the iron method, since no such eonsiunpiion of chlorine oc¬ 
curs ill tho former process. Aranufacturers have, therefore, refused to 
accept cortilicates of analysis of such ores when based on F reseu i u s 
and Wiir« method. This renders the volumetric j)rocesses of more 
importance, and Inmce various experiments have Ix^en made to ascertain 
tlKur possible sources of error. 

The results show that the three following methods give V(‘ry satis- 
faetory results.’ 

6. Direct Analysis by Distillation with Hydrochloric Acid. 

This is the quickest and most aeeurate method of (indingthe qumitily 
of availahh* oxygen present in any of the ores of manganese or mixtures 
of them. It also possesses tlie recommendation that the quantity of 
chlorine wliich they lil)erite is directly e\|)resscd in the ajia!\sis itself; 
and, further, gives au estimate of the quantity of hydroeldoric acid re- 
<|aired for the decomposition of any particular sample of ore, which is 
a matter of some moment to the manufa(!turer of bUaiching powder. 

The apparatus for the operation may he those shown in tigs. ;»,■) or btl. 
For precautions m conducting tlie distillation sc<‘ p. 141) d ac.q. 

Mktuodok TkocKDliKE : In order that the percentage of dioxide sliall 
he (liix'ctly (‘xpressed by the mimher of c.o ot Ihiosulphaic solution 
used, 0-4IU7 gm. of tile proiierly dried ami powdmxMl sain])le is weighed 
and put into the little llask ; solution of potassium iodide in suitieient 
quantity to al)'orl) all the iodine set free is put into tli<‘ largo tube (if tlie 
solution containing e(| or gm. in the litre be used, about 7d or 
Bl) c.c. will iu orlinarv cases lie sullicieiit); very strong hydrochloiic 
acid is then poured into the distilling flask, and the o|)eration coudueteil 
as on ]i 141. Kach e(|uivalent of iodine lilierated represents 1 eq. Cl, 
also I eq. 

liistcml of using a iletinite weiglit, it is well to do as before proposed, 
namely, to pour about the quantity re<(uired out of the weigluMl sanqile- 
bottle into the flask, and find the exact weight afterwards. 

Bari o w ” reconls a good method of separating Mn from the metals 
of its own group as well as from alkalies and alkalimi earths. 

For the i|uantitative determination of Fi* and Mu in the sanie solu¬ 
tion as chlorides (other metals except Or and A1 may be jiresent, but arc 
best absent), solution of NH4CI is Hrst added, then strong NHjlIO in ex¬ 
cess, boil, then add bydrogmi peroxide so long as a precipitate is produced, 
boil for a few minutes, (liter, wash with hot water, Ignite, ami \seigh the 
mixed oxides together as Fe./); -s Mn,,()4. 

The oxides are tlum <lihtiiled witli HC-I, and the annuint of iodine 
found by thiosulphate. 

Th(‘ weight of mixed oxides, minus the Mu,,04, gives the weight of 
Fe./).:. 

« 

’Secydierer and Jliimpf. V. 1S69, 20, 302; also Pattinson, 1870, 
21, 266; and Paul. 21, 16. 
iV, 1886 , 53, 41. 
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1’ 1 c k e r i n g * has pointed out that pure nmnganose oxides, freshly 
prepared, or the dry oxides in very fine powder, may ho rapidly deter¬ 
mined without distillation by merely adding tliem to a large excess of 
potassium iodide solution in a beaker, running in 2 or 2 c.c. of hydro¬ 
chloric acid, when the oxides are ininiediately attacked and decomposed; 
the liberated iodint' is then at om^e titrated with thiosulphate. Impure 
oxides, especially those containing ferric oxide, cannot, however, be 
determined in this way, since tlic iron would liavc tlui same effect as 
manganic oxide; hence distillation must be resorted to in the case of 
all such ores, anti it is imperative that the strongest hydrochloric acid 
should be used. * 

Pickering’s modiKed process is well adaj)ted to the examination 
of the Weldon mud for its available amount of manganese dioxide. 

7 . Determination by Oxalic Acid. 

The very finely powdered ore is mixed with a known volume of normal 
oxalic acid solution, suljihuric acid addtMl, and the mixture heated and 
well shaken, to bring the materials into intimate contact and liberate 
the COj. When the wliole of the ore is decomposed, which may be 
known by the absemee of brown or black sediment, the <*ontents of the 
vessel arc made up to a definite volume (say 300 c.c.) and 100 c.c. of the 
dirty milky fluid well acidified, diluted, and titrated for the excess of 
oxalic axfid by permanganate. If, in consequence of the impurities of the 
ore, the mixture be brown or reddish coloureci, this would, of course, 
interfere with the indication of the, ixwmanganate, and conscipieiitly the 
mixtun* in this case must be filtoi'fMi; the 300 c.<r. are, tluireforc, well 
shaken and poured upon a larger filter. When about 100 c.c. have passed 
through, that quantity can Ix^ taken by the j)ipette and titrated as in the 
former case. 

If the solution not dilute and freely acid, it will be found that the 
permanganate produces a-dirty brown colour insteatl of its well-known 
bright rose-red ; if tlie first few drops of |)errnanganate prodiic(? the projK?r 
colour immediately they are ad(ied, the solution is sufficiently acid and 
dilute. 

If 4'347 gm. of the ore be weighed for analysis, the number of c.c. of 
norma! oxalic acid will give the percentage of dioxide; but as that is 
rather a large quantity, and takes some time to dissolve and decompose, 
half the (juantity may l)e taken, when the percentage is obtained by 
doubling the volume of oxalic acid used. 

This process possesses an advantage over the following, inasmuch as 
there is no fear of false results occurring from the presence of air. The 
analysis may be broken off at any stage, and resumed at the operator’s 
convenience. 


8 . Determination by Iron. 

'Tron wire of 99*8 per cent, purity can readily be obtained; but if 
perfectly dry and unoxidized ferrous ammonium sulpliato be S,t hand, its 
use saves time. 1 mol. of this salt (- 392T6), representing 43-47 of MnOj, 


J. (J. -X, 1880.128. 
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consequeatly, 1 gm. of the latter requires 9-022 gm. of the double salt; 
or in order that the percentage may bo obtained without calculation 
1*108 gni. of ore may be weighed and digested in the presence of free 
sulphuric acid, with 10 gm. of ferrous ammonium sulphate, the whole of 
which would be required supposing the sami)le were pure di()xid(\ The 
imd(*com])uscd ferrous salt remaining at the end of the reaction is de* 
terrniued by permanganate or diehromah;; the <}uantity so foumi is de¬ 
ducted from the original 10 gm., and if the remainder be mnltiplie<l by 10 
tlu^ perc(‘ntage of dioxides is arrived at. 

Instead of this plan, wliieh nee(*.ssitates exact weighing, any I'onvenient 
quantity may he talom from the tai'ed bottle, as before describi'd, and 
digested with an exer3ss of ferrous ammonium sulphab*, the weight of 
which is known. After the undecomposed quantity is found by perman¬ 
ganate or dicbroinate, the remainder is multiplied ]>y the factor OTJl 
(or 1), which gives the projiortion of dioxidoju-esent, whence the percentage 
may b(> cah-ulatiMl. 

The de<'oniposition of th(* ore maybe made in anv of the apparatus 
iiseil for titrating ferrous iron. The ore is first put into the di'composing 
flask, tlien lln‘ ferrous salt and wat(‘r, .su as to dissolve tlie salt to some 
extent before the sulphuric acid is added. .Sul[)luiric acid shoulil be used 
in considerable excess, and tin* flask heated till all tiie ore is decomposed; 
the solution is then (;ooled, diluted, and the whole or part titrated with 
permanganate or diclironiate. 

When using (|i<-hromate for the titration, the following plan is con¬ 
venient: I<M) c.c. of ^liQ fliehromate — 81122 gm. of ferrous ammonium 
sulphab' (suppo.sing it to be perfectly pun*), therefore if 0*4:{47 gm. of the 
samt)le of on! be boih'd with 8-922 gm. of the douhle salt ami excess of 
aci<l, the mimb(!r of c.c. of dichromat-e required deducted from 1(K) will 
give the number corresponding to the jxuveiitage. 


MERCURY. 

Tig = 200-r). 

1 e.c. solution = 0‘02(XHi gm. Jig. 

0-0208(> gm. Hg,.(). 

= 0-027152 gm. HgCI... 

Kcrroiis Ainmouium Sulphate x 0-5115 = Fig. 

„ „ „ X 00024 = HgU!,. 

1 . Precipitation as Mercurous Chloride. 

Tub solution to be titrat'd must not be warme<l, and must contain the 
metal in the form of protosait only, ^/lo sodium chloride is added in 
slight excfiss, filtered, and the pi'ccijiitatc washed with the least ixissible 
quantity of water to ensure the removal of all the sodium chloride ; to the 
filtrate a few drops of (diromate indicator are added, then pure sixlium 
carbonate tilUtho liquid is of a clear yellow colour, "/lo silver solution is 
then delivered in till the red colour appears. Tiie (juantity of sodium 
chloride so found is doductcil from that originally used, and the difference 
calculated in the usual way; 

18 
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2 . By Ferrous Oxide and Permanganate (M o h r). 

This process is based on the fact that when mercuric chloride (corrosive 
sublimate) is brought in contact with an alkaline solution of huToiis oxide 
in excess, the latter is converted into ferric oxide, while the mercuric is 
reduced to mercurous chloride (calonud). The excess of f'wrous oxide is 
then found by permanganate or du-hroniate— 

2J[gCl, + 2Fe(Jl, - JIg,(;i, + Fe,Cl,.. 

It is, therefore, advisabh* in all cases to convert the mercury to be 
determined into Ihe form of snlilimato, by evaporating it to dryness 
with nitro-hydroeliloric acid ; this must take place, however, below boil¬ 
ing heat, as vapours of chloride escape with steam at 100® 0. 
(Fr<‘ se n i u s). 

Nitric acid or free chlorine must be altogether absent during the 
decomposition with the iron ])rotosalt, otherwise the resi<lual titration 
will be inexact, and the (piantity of the iron salt must be more than 
sufficient to absorb half the chlorine in tlie sublimate. 

Exami*i,e; 1 gm. of pure llgClo was dissolved in warm water, and 3 gm. of 
ferrous amnionmni sulphate added, tlien solution of caustic soda till strongly 
alkaline. The mixture became muddy and dark in colour, and was well shaken 
for a few minutes, then sodmm chloride and sulphuric acid added, continuing the 
shaking till the colour disajipoarcd and the precipitate of ferric oxide dissolved, 
leaving the calomel white; it was then diluted to 300 c.e., liltered through a dry 
filter, and 100 c.c. titraU'd with *^/io iionnanganate, of wliudi 13*2 were required— 
13*2 X 3 •- 39*6, which deducted from 70*5 c c. (t)io quantity required for 3 gm. 
ferrous ammonium sulphate), left 36'9 c.c. — 1*447 gm. of undocomposed ferrous 
salt, whicli multiplied hy the factor 0'0924, gave 1*0005 gm. of sublimate, instead 
of 1 gm., or the 36*9 c.c. maybe multiplied by the **/io factor for mercuric chloride, 
wliich will give 1*002 gm. 

3 . By Iodine and Thiosulphate (Hempel). 

If the mcTcnry exist as a protosalt it ia precipitated by sodium 
chloride, the precipitate well washed and together with its filter pushed 
tlirougdithe funnel into a stoppered flask, a auHieient (piantity of potas¬ 
sium iodide added, togethm* with *^/io iodine solution (to 1 gm. of calomel 
alioiit 2*0 gm. of iodide, and 100 c.c. of % iodine), the flask closed, and 
shaken till the precipitate has disaolvi'd— 

Hg.,01, + OKI + 1., = 2JIgKJ^ + 2KCI. 

The brown solution is then titrated with **/io thiosulphate till colourless, 
diluted to a definite voinmc, and a measured portion titrated with */jo 
iodine and starch for tim excess of thiosulphate. 

1 C.C. ”/io iodine =; 0*02006 gm. Hg. 

Where the mercurial solution contains nitric acid, or the metal exists as 
peroxide, it may be converted into protochloride by the reducing action of ferrous 
sulphate, as in Mohr’s method. The solution must contain hydrochloric acid 
or common salt in sufficient quantity to transform all the mercury into calomel. 
Ferrous sulphate in solution in quantity equal to at least three times the weight 
of mercury present is to be addeil, then caustic soda in excess, the muddy liquid 
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woll shaken for a few minutes, then dilute sulphuric acid added in excess, and the 
mixture stirred till the dark-coloured precipitate has become perfectly white. 
The calomel so obtained is collected on a tilter, well washed, and titrated with 
N /10 iodine and thiosulphate as above. 

C. Koichardt' has recommended the following method of determining 
mei-cury. A weighed quantity of the mercury compound is dissolved and con¬ 
verted into inen'ury arsenate by boiling with standard arsenious acid and caustic 
soda m excess. Metallic mercury is precipitated as a black powder. This is 
filtered and washed, and the amount of uuoxidized arsenious acid in the filtrate 
is found by titration with standard iodine in the usual way. 

4. As Mercuric Iodide (Personae).^ 

This |)['o(rss is founded on the fact that if a solution of mercuric 
chloride he added to oiu* of potassium iodide, in the proportion of 1 
equivahuit of the fornim' to 4 of the latter, red mercuric iodide is formed, 
which dissidves to a colourless solution until the balance i.s overstepped, 
whim the brilliant red <*oloiir of the iodide appears as a iireeipitate, 
which, even in the smallest <|uantity, comrnnnieates its tint to the liquid. 
The mercuric solution innst always In* added to the iodide; a reversal of 
the pl■occ^s, lhouj,di giving): eventually the same quantitative reaetion, is 
ncvertlielcss niiicli less speedy and trustworthy. Tlie inerenrial com¬ 
pounds to he deterniimMl hy this process must invariably lie brouglit into 
the form of neutral meri'iiric (diloride. 

The standard solutions required are <lecinorniaI, made as follows:— 

Solution of potassium iodide. gin. of pure salt to 1 litre. 

I c.c. = 0‘0l00;i gni. llg. or O-0i:t570 gm, llgCla. 

Solution of mercuric chloriiJe.-13'570 gm. of the salt, witli about 
Wgtu. of pure sodium chloriile (to assist solution), are dissolved to 1 
litre. 1 c.c - (hOUmilgni. ifg. 

Mi;tiio]) 01 * I’loH KDUKK : The conversion of various forms of mereury 
into mercuric chloride is, ai'cording to Personne, liost effected by 
heating with 4'anstic soda or potasli, and passing chlorine gas into the 
mixture, which is afterwards boiled to expel excess of chlorine (the 
mercuric chloride is not volatile at lioiling temperature wlien associated 
with alkali chloride). The solution is tlum cooled and diluted to a given 
voinnie, placed in a inirette, anil <lclivered into a measured volume of 
the decinorinal iodide until the cliaractevistie colour ap|>ears. It is pre- 
feralde to dilute the mercuric solution considerably, and makeup to a 
given measure, say 300 or 5(K) c.c.; and as a preliminary trial take 20 c.c. 
or so of iodide solution, and titrate it w’ith the mercuric solution ap¬ 
proximately with a graduated pipette; tlie exact strengtli may then be 
found hy using a burette of sufficient sixe. 

5. Methods Involving Reduction to the Metallic State. 

lodimetric Method (R n jip).-' This can be used for mercuric nitrate 
cliloride, or s^llphate, as well as for mercuric cyanide. 

MKTiiori OK PkooEDunt:: The solution of tlie mercury salt, containing 

’ Z. a. r., 18118, 37 , 7411. lieml, 1808, M, 03. ^ lyOO, M, 3702. 
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about 0*2 gm. of mercury in 26 to 60 c.c., is treated with excess of potas¬ 
sium iodide (1. gm.) so tliat tlic mercuric iodi(ie that forms is redissolved. 
The liquid is next rendered alk.aline with sodium hydroxide, treated with 
2 or 3 c.c. of 40 per cent, formaldehyde solution, diluted with 10 c.c. of 
water, and vigorously and continuously shaken for one to two minutes. 
It is then aciditieil with acetic acid, 26 c.c. of "/lo iodine solution added, 
and the excess of free iodine titrated with "/u sodium thiosulphate solu¬ 
tion. The formaldehyde precipitates the mercury, which combines with 
the iodine to form mercuric iodide, and the exces.s of iodine is titrated 
as described. If the mercury be in the form of mercurous salts, it 
must be brought into the menmric state before precipitation, by treat¬ 
ment with Br. water, excess of Hr. beingremoved by gentle heating. In 
the case of mertmric (iyanide, sulphui'ic acid should be used instead of 
acetic acid for the acidification, so as to decompose any cyanogen io<lide 
that may have been formed. 

ArseniteMethod (Fei t),‘ modified by Ee i n t hale r.^—The mercury 
must he in the mercuric state. 

Method of Pkocedure : To the mercuric solution, nearly neutralized 
with caustic soda, "/m sodium arsenite solution is .a<hled in ((uantity 
more than enough to reiluce the whole of the mercury to the metallic 
state. A current of CO., is led into the flask by means of a tube having 
a bulb blown in it, which serves to stopper the flask loosidy and to keep 
the end of the tube just above the surface of the licpiid. The flask and 
its contents are then heated on the water-bath for J hour to Ij hours, a 
gentle stream of CO., being continued all the time. When the reaction 
is complete, the precipitate should be a uniform dark grey “flowing” 
powder. After cooling, the exce.ss of arsenite is titrated directly with 
"/u iodine solution, without filtration; or excess of iodiiu! may be added 
and titrated back with arsenite, the solution of nuwcury by iodine being 
too slow to affect the result. 

6. By Potassium Cyanide (Hannay). 

This process is applicable to the didermination of almost all the salts 
of mercury when they occur, or can be separated, in a tolerably pure 
state. Organic compounds arc of no cons(!(iuence unless they affect the 
colour of the solution. 

The method depends on the tact that free ammonia produces a pre¬ 
cipitate or (when the quantity of mercury is very small) an opalescence 
in memurial solutions, which is removed by a definite amount of potas¬ 
sium cyanide. 

The delicacy of the rciaction is interfered with by excessive (juantities 
of amraoniacal salts, or by caustic soda or potash; but tins difficulty is 
lessened by the modifications suggested by T u son and Neison’and 
ChapmanJones.* 

I employ a solution of mercuric chloride containing 01)1 gm. of metal 
per C.C., and a solution of crystallized potassium i^yanide made by dis¬ 
solving 7 gm. to the litre, the exact value of which is fourld by titrating 

■Z I. a, 1889, 28, 318. ^Uhem. XeiL. 1911, 35, 993, 

>./, C. S.. 1877, 31, 679. < IbiiL, 1892, 81, 364. 
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it against tho mercury solution. Strong ammonia diluted to ten times 
its bulk and some diluted to fifty or a hundred times its hulk, are 
convenient. 

Method ok Pbocbdure : If tho mercury solution is not fit for titration, tho 
metal is precipitated as sulphide, which, after washing, is washed off tho filter 
and allowed to subside; the clear water is then decanted off, and aqua regia added 
to the moist residue. Tho precipitate, with the paper it is on, might doubtless 
be treated direct with aqua as Tu son and Neison found that organic 

matter, so far as they tried it, does not influence the result. To avoid the 
possibility of volatilizing the mercury salt, the aqua regia is allowed to act in 
the cold. Tn a few hours, sometimes in far less time, tho residue is of a pale 
yellow colour, and iho solution may be diluted and filtered. The solution, or an 
aliquot part of il, is then coloured distinctly with litmus, treated with successive 
small qiiantitifs of powdered potassium carbonate until alkaline, warming but 
slightly, and tlieo rendered just acid with dilute hydrochloric acid, with subse¬ 
quent l)oihng to remove tlie CO.^. The mercury is not precipitated at all, unless 
the CO^ is boiled out before acidification. After cooling, the dilutest ammonia 
mentioned above is added, a drop at a time, until tho litmus in the solution 
shows that tlio excess of acid is very slight, or in just insufficient quantity to 
produce a permanent precipitate. A quantity of cyanide .solution, which is 
known to be in excess of that required, is added, and, as a guide for the first 
titration, the ammonia may bo added until a slight precipitate is produced, and 
cyanide until the solutionis cleared. Two or three drops (not more) of tho 1 in 
10 ammonia are introduced, and then more of the mercury solution is added 
until the permanent turbidity produced matches that obtained by adding O’l c.c. 
of the moremy solution to about tlio same bulk of water as the test, and contain¬ 
ing approximately tlie same amounts of litmus and free ammonia. Each drop 
of the mercury solution added produces its maximum turbidity m a few seconds, 
and It can be seen at a glance, if the flasks are properly placed, whether this 
turbidity is equal to or less than the standard. In a few seconds more it is quite 
obvious whotlier the turbidity is perinanciit or is growing less. Too much free 
ammonia causes the precipitate to clot together, and so vitiates the result. The 
presence (){ the litmus tends, in my experience, to lessen the error due to tlie 
variation in the state of aggregation of the precipitate when too much ammonia 
has been added. Tho turbidities so obtained will remain apparently unchanged 
for many hours. The O'l c.c. exces.s of meixiury solution is of course allowed for 
in the calculation. 

AcidlmetricCyanfdeMethod (R u p p) '.—The solution of the mercuric 
salt is made neutral by the addition of alkali ehlorido, followed by 
phenolplitlialein and sufficient alkali to just redden the solution, and 
then an excess of potassium cyanide, sufficient.to produce an 

intense red colour, is added, and the excess over that necessary to form 
mercuric cy.inide is titratoit with "q or % hydrochloric or sulphuric 
acid, using methyl orange as indicator. For mercuric chloride, direct 
titration with potassium cyanide and phenolphthalein is allowable, but 
in solutions containing much alkali chloride, as obtained with mercuric 
nitrate and sidphnte, the indirect method given above is to be preferred. 
In order to apply the method to mercuric cyanide, potassium iodide is 
adde4, so as to form tho compound KaHgl 4 , and liberate potaasiiiqi 
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cyanide, which is tlien titrated as above. Mercuric oxide may be dis¬ 
solved in potassium iodide solution by shaking and the potassium 
hydroxide formed directly titrated with acid, using methyl orange as 
indicator. 


7 . Thiocyanate Method.’ 

This may be carried out as for silver salts, see p. 150. It is inap¬ 
plicable when chlorides, mercurous salts, and nitrous acid are present. 
It is especially applicable in the presence of nitric, acid and heavy 
metals. Ruppand NdH'Miave adapted it to the valuation of organic 
mercury compounds thus:— 

Method of PiiocRDr:RK : In order to oxidize the organic matter, 
0*3 gm. of the substance is heated in a 150 c.e. flask witli 4 gm. of potas¬ 
sium sulphate and 5 c.c. of concentrated sulphuric acid to genth* boiling 
until quite clear. A reflux condenser 40-50 cm. long is proviiled to 
prevent loss of mercury sulphate by volatilization, and this is tlion 
rinsed with 5-10 c.c. of concentrated sulphuric acid and removed ; O-l- 
0‘2gm. of potassium permanganate is now added to ensure the mercury 
being in the moreuric condition, and the heating continued until tlio 
pink colour vanishes. After cooling, tlu* litpiid is dilnte<l to alwit KM) 
C.C., again allowed to coo), 2 c.c. of 10 per cent, iron alum solution added 
as indicator, and then titrated with ^/lo thiocyanate, the flask being 
frecpiently rotated. 

1 c.e. j,/io thiocyanate = 0'01003 gm. Ilg 

G. S. Jamieson'’ determines the metal insoluble men uric com¬ 
pounds by precipitating as mercury zinc thiocyanate and titrating the 
precipitate with potassium iodate solution in the presenec of strong 
hydrochloric acid and chloroform. Conversely, tlie method determines 
Zinc (q.v.). 

NICKEL. 

Ni - 58-08. 

I. Cyanometric Method. 

The best method for tlie determination of this metal volunietrically 
is that of T. Moore,^ whoso description of the method is as follows :— 

“ If to an ammoniacal solution of niekcl containing Agl in suspension 
(silver iodide being almost insoluble in weak ammonia) there is added 
potassium cyanide, the solution will remain turbid so long as all the 
nickel is not converted into the double cyanide of nickel and jHitassium, 
the slightest excess of cyanide being indicated by the clearing up of the 
liquid, and furthermore, this excess may 1x3 exactly determined hyuidd- 
ing a solution of silver until the turbidity is reproduced. It is a fortu¬ 
nate circumstance that the complicated side-reactions existing in 
Parkes’s copper assay do not appear to take plaee with nickel solu- 

> 2fen, 1902, 88, 2015. a Arch, r/iam., 190.5, M3, 1-5. 

V. A. a. &,4l918, 40,1036, and J. Iml. Enu. 1919, 11, 290 (akstr.) Amihjst^ 

1918, 48, 338, and 1919, 44, 213, 
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tions, at least not when the temperature is kept below 20'" C. This is 
fuliv borne out by the fact that the cyanide may be standardized on 
either silver or nickel solutions with equal exactness. In jn-actiee it has 
been found best to proceed in the following manner 

Standard solution of silver nitrate, containing about gm. of silver 
per litre. 1’he strength of this solution must be accurately known. 

Potassium iodide, lOpereent. solution. 

Potassium eyanido, 22 to 25 gni. per litre. This solution must he 
tested every few days, owing to its liability to change. 

Standardizing the Cyanide Solution. -This may be aeeomplished in 
two ways ; 00 on a solution of nickel of known metallic content, or (b) 
on the silver solution. 

(a) First, at^curately establish the relation of the cyanide to the silv(!r 
soliuion, by running into a beaker 3 or 4 e.c. of the former; dilute this 
with about 150 e.e. of water, render slightly alkaline with ammonia, and 
then add a few dro])S of the potassium iodide. Now carefully run in the 
silver solution until a faint permanent opalesreneo is [>roduced, wiiieh is 
finally eaused to disappear by tin* further addition of a mere trace of 
cyanide. The respective volumes of tin; silver and cyanide solutions are 
then read off, and the eijuivalont in cyanide of 1 c.c. silver solution eal- 
culat(‘d. A solution containing a known <juantity of ni< k(‘l is now re¬ 
quired. Tills must have sufficient free acid present to jii‘ev<‘nt the 
formation of any prccipitabi on tlie siibseiiuent addition of ammonia to 
alkaline reaction ; if this is not so, a httl(‘ ammonium cliloride may he 
added. A carefully measured quantity of the solution is then taken, 
containing aliout U'l gtn. of nickel, and rendere<l distinctiv alkaline with 
ammonia, a few drops of iodide added, and tlic li<juid <liluted to 150 or 
200 c.c. A few drops of the silver solution are now run in, and the solu¬ 
tion stirred to produce a uniform turbidity. Tlu^ solufion is now ready 
to bo titrated with the cyanide, which is added slowly and \\ ith constant 
stirring until the precipitate wliolly disaiipijars; a few extra drops are 
added, after which tlic beaker is placed under the silver nitrate burette, 
and this solution gently dropped in until a faint permanent furliidity is 
again visible ; this is now finally eauscd to dissolve by the, mere fraction 
of a drop of the cyanide. A correction must now be applied for the ex¬ 
cess of the cyanide added, by noting the amount of silver eniploved, and 
working out its value in cyanide from the data already found ; this ex¬ 
cess must then bo deducted, the correeted number of c.c. being then 
noted as equivalent to the amount of nickel employed. 

(/>) Having determined the relative value of the cyanide to the silver 
solution, and knowing accurately the metallic (content of the latter, then 
Ag X 0*272 gives the nickel equivalent. This metliod is (juitc as accurate 
as the direct titration. 

A modification of the above process, wherein one burette only is 
necessary, has been found very convenient, and has given most excellent 
results. It is as follows ■ 

When a^olution of potassium cyanide, containing a small «|uantity 
of silver cyanide dissolved in it, is added to an ammoniaital solution of 
nickel containing potassium iodide, it is seen that sil^jer iodide is pre¬ 
cipitated, and the turbidity thus caused in the solution continues to 
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increase up to the point whore the formation of the niokei-potassium 
cyanide is com])Ieto; any further addition after this sta^^e is reached will 
produce a clearing up of the liquid, until, at last, the addition of a single 
drop causes the precipitate to vanish. This final disappearance is most 
distinct, and leaves no room for doubt. Sucli a solution may be prepared 
by dissolving 20 to 25 gm. of potassium cyanide in a litre of water, add¬ 
ing to this about 0*25 gm. silver nitrate, previously dissolved in a little 
water. For large quantities of nicked the quantity of silver may ailvan- 
tageously be diminished, and vier The value of the cyanide is best 

ascertained, in the manner aln^ady described, on a nickel solution. 

Small quantities of cobalt do not seriously atfoct the results, but it 
must be remembered that it will be reckoned with the nicked ; its pres¬ 
ence is at once <letectc<l by the darkening of tlie solution. Manganese* 
or copper, when present, render the proccess valueless, so also does zinc ; 
the latter, however, in alkali pyrophosphate solution e\ercis('s no in¬ 
fluence. In the presence of alumina, magnesia, or ferrii^ oxide, citric 
acid, tartaric acid, or pyrophosphate of soda may bo employed to 
keep them in solution. The action of iron is somewhat d(‘c(*ptive, as the 
solution, once cleared up, oftim becomes turbid again on standing for a 
minute: slionid this occur, a fiirlhcr adilition of cyanide must he made 
until the liquid is ren<i(!re(l perfectly (dear. Tim temperature of the 
solution should not rnuidi exceed 20'^ C. : above this the results become 
irregular. The amount of free ammonia has also a disturbing inflinmco ; 
a large excess hinders or entirely pivvents the reaction ; the liquid should, 
therefore, bc^only slightly, but very distinctly, alkaline. A word of 
caution must be given regarding the p(»tassium cyamd(‘, as many of the 
reputed pure samples are very far from being so. The most harmful 
impurity is, however, sulphur, lus it gives rise to a darkcniing of the solu¬ 
tion, owing to the formation of the loss rciadily soluble sIIvim* sulpliidc; to 
get rid of the sulphur imtmrity it is necessary to thoroughly agitate the 
cyanide liquor with oxide of load, or, what is far preferable, oxide of 
bismuth. 

As regards the exactness of the methods, it may be said that, after a 
prolonged experience, extending over many thousands of determinations, 
they have been found to be more accurate and reliable than either the 
electrolytic or gravimetric methods, and when time is a consideration 
the superiority is still more pronounced. The employment of organic 
acids or sodium jiyrophosphab^ in the case when iron, zinc, (‘tc., are 
present, allows tlie operator to dispense with the tedious separation 
which their presence otherwise entails; and this is a matter of eonsider- 
able importance in the assay of nickel mattes or German silver.” 

All analysts will agree withBrearley and I b ho t so ii’sstate¬ 
ment that “ the cyanometric estimation of nickel is one of the most 
stable and exact processes to tie found in the literature of nietallurgical 
analysis As an elegant process of volumetric analysis it ranks second 
tenly to Volhard’s method of determining silver. 

Note on the Influence of Manganese.— The statement,of Moore, 

» See Note on the iuHuenee of manganese, iii//<t. 

Am/ijsis of Wm-h Malfriah, 1902. 
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quoted above, that the presence of manganese renders the method value¬ 
less is not true, at any rate in respect of the amounts usually prosout in 
steel, in the analysis of which for nickel by this metliod manganese is 
commonly ignored. Brearloy and Ibbotson (loc. cit.) say “the 
harmlessnoss of manganese should be emphasized,’' an«l they ju^lify this 
opinion by citing the results of titrating Od gm. of nickel in the presence 
of (1) 0-05 gm., and (2) 0*1 gm. of manganese. The nickel found was (1) 
0*09ft9 gm., and (2) (^■1(H)2 gm. 

Nickel-plating Solutions. —These contain, as a rule, only nickel sul¬ 
phate and ammonia, and the nickel can 1)0 determined with a simple 
solution of potassium cyanide previously standardized on pure nickel 
ammonium sulphate. The nickel solution to be tested shouM be fairly 
eoneentratod and rendered feebly alkaline with ammonia. If there is 
iron present some ammonium tartrate should lx; added to prevent the 
precipitation of it by the ammonia. The cyanide is used in small <pian- 
tities with constant shaking until a drop produces a clear yellowish solu¬ 
tion. Copper, zinc, :iti<l cohalt must not he present. 

.1 am ies on Mias published the following modification of tln^ above 
process for the determination of nickel In steel 

Dissolv(‘ O'f) gm. of borings in 10 c.c. dilute nitric acid (1:1) in a 150 
c.c. flask, according to the directions given for the ferrocyanide mctliod.''^ 
If the metal contains more than 0’5 per cent, of manganese, remove it 
according to the same directions. Add to the nitric acid solution 2-3 
gm. citric acid and 2 gm. anhy<lrous sodium pyrophosphate, then add 
ammonia slowly with stirring until the precipitate at first formed just 
dissolves and the solution acquires a very faint odour of ammonia. Tf 
too much ammonia has been used, it must be nearly neutralized by the 
careful addition of nitric acid. Dilute to about 150 c.c. and cool tea 
temperature below 20°, add a few drops of a 10 [)er cent, solution of KI 
and enongli **/jo silver nitrate solution—the volume of whieli must lie 
noted—to jiroduee a distinct turbidity. Then run in KCy solution very 
slowly witli stirring until the turbidity just disappears, and the solution 
lightens to a golden-yellow colour. The solution should remain bright 
for 5 minutes, otlierwise the titration is incomplete. Sometimes it 
happens that the turbidity disappears when only one-ihird to one-half of 
the required amount of cyanide has been useil, but in this ease on the 
addition of a drop or two of silver nitrate, or on waiting a moment, the 
turbidity rea])pears. The,end-point is best observed when the beaker is 
placed on a white paper having an elliptical hole in it under which is 
placed a black glazed paper for contrast. In making the (‘alculation the 
l»roper deduction for the silver nitrate used should he made. 

The potassium cyanide solution should be standardized l)y means of 
the *^/io silver nitrate. To do this, pipette 20 e.e. into a beaker, dilute to 
about 150 e.e. with cold water, add ammonia until the odour is distinct 
hut sliglit, add a few drops of 10 per cent. KI solution, run in silver 
nitrate until a distinct turbidity is produced, and then finish by slowly 
adding the ^^yanide solution until the turbidity just disappeai’s. The 
theoretical amount of nickel per c.c. of solution is 0-002034 gm., but 


^ a 1910,102, 51. 
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instead of using this value it is perhaps preferable to standardize the 
solution with a steel of known content of nickel. 

The titration in a tartaric or citric acid solution of a steel has the 
drawbacks that it isdifilcult to observe the exact point when the final 
turbidity is formed, and tliat the excess of ammonia added is not con¬ 
trolled. E. H. HalP ol)viates the first di-awl)ack by transferring the 
solution, before complete neutralization, to a measuring cylinder, which 
is supported over a mirror adjusted to reflect light upwards through the 
column of liquid. He overcomes the other dilficuity by taking advantage 
of the fact tliat silver chloride is soluble in ammonia, and that as soon 
as free ammonia is present any cloudiness due to the cl\loride will dis- 
ap^KVAV. 

The Rapid Determination of Nickel in the Presence of Chromium, 
Iron, and Manganese ((1 M. .1 oh n so n ’ s mo<liflcation of T. Moore’s 
Melho<l)." 

Solutions required. (1) Potassium cyanide containing 4-487 gm.of the 
pure salt to the litre, 5 gni. of potassium hvdroxidc b(ung also added (tliis 
addition causes the solution to retain its strengtli permanently). 1 c.c. 
= (ahout) (HKU gni. Ni. (2) )Silver nitrate containing 2-h25giu. of tlio 
salt in 50() c.c. 

Mktiioi) of Pkoceduke Foa Plain Niokf.l Steels: Dissolve 1 gm. 
of steel drillings in a 150 c.c. l)eaker with 20 c.c. hydrochloric- aci<l (1 :1). 
When action has ceased, add 10 <-.c. of nitric mtid fl-2). Kialuce the 
volume of the solution to ahout J5 c.c., keeping the beaker covered during 
the boiling. Remove the beaker from the source of heat and pour into 
it 8 c c. of eoncentrated IRStb diluted with 24 c.c. of water. Transfer 
the conbmts of the beaker to a 0(K) c.c. beaker containing 12 gm. of 
powdered citric acid, and stir until the citric acid is dissolvc<l. A<ld am¬ 
monia solution (1; 1) cautiously until the solution liecomcs faintly but 
distinctly alkaline (a large ex(;ess of ammonia caus<5s low i-esults). Cool 
the solution, which should be about 800 c.e. and of a brownish sliade, and 
when cold add 2 c.e. of a 20 per cent, potassium iodide solution. Now add 
from a burette silver nitrate; solution (2) to {)ro<luce with tlio iodide a white 
turbidity, then run in from a burette standard potassium cyanide (1) with 
constant stirring until the clomi of silver io<lidc just disappears (on being 
converted into silver evanide). 

(i) Ni(NO,), + 4KCN Ni(CN).,. KCN + 2KNO,,. 

(ii) AgNO, + 2KCN = AgCN. KCN + KNO^. 

In order to standardize the solutions, weigh 0*2 gm. and 0‘25 gm. of 
pure nickel ammonium sulphate into 150 c.c. beakers, together with 1 
gni. of plain carbon steel drillings. This mixture is then put through all 
the foregoing manipulations and titrated with the cyanide solution to be 
standardized, the number of c.c. of the silver nitrate and potassium cyan¬ 
ide solutions used in each case being noted. An excess of 10 c.c. of the 
cyanide is now added and in turn titrated with the silver nitrate solution 
■until a distinct cloud of silver iodide is produced. This second titration 


1 J. S. (J. 1920, 39, 2m. 
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gives Iho relntion l)oiw(*en tlio silver and the cyanide solutions. An ex¬ 
ample will make the matter clear. 

In one case 1-7 e.c. of the silver nitrate solution was required to pro¬ 
duce a slight turbidity, and 35 c.c. of the cyanide solution were reijuired 
to render the liquid clear. An exc^ess of 9*8 c.c. of cyanide wa.s then 
added an<l exactly 101 c.c. of the silver solution were needed to repro¬ 
duce a slight turbidity. Therefore, 1 c.c. of silver nitrate equals 9'8/l0l 
= 0’97 c.c. of cyanide solution, and 1*7 x 0-97 or 1-05 c.c. must be de¬ 
ducted from the c.c. of cyanide used instead of 1*7 c.(!. Hence 3.5*0 - 
1-G5 33*35 c.c. of cyanide solution combined with the. nickel in this 

steel. As this <yauidc solution, when standardized, gave 1 c.c. = ()*()0103 
gm. nickel, the percentage of nickel present e<iuals 33*35 x 0*00103 x 100 
_ :V435. 

Ill the case of Chromium-nickel steels procec^l exactly as described 
above, except that 34 grn. of citric acid per gni. of steel are used. This 
proportion of citric acid sulfi<-cs to render the ciKl-[)<)int quite as easy to 
se(* as in ordinary nickel steels. 

2 , Determination of Nickel and Cobalt by Potassium Perrocyanide. 

Solution required.- Standard potassium h'rrocyanidc solution, 20 
gm. per litre (1 c.c. - about 0*003 gm. Ni or Co). 

This rmitthod is referred to by G a n t o n i ami Rosens t e i ti' and is 
described in detail by.) am i <‘so n ■; it is ap])lical>le for the determina¬ 
tion of nickel and cobalt, but cannot be used in the presence of copper, 
zinc and manganese. The following proceduri' is recommended by 
Jamies o n for standardizing tln^ ferro-cyanide sol ul ion, a similar course 
lieing pursued witli the nickel or cobalt solutioh to be b'sted : - 

A solution of nickel or cobalt is made from a jiun* salt and of known 
strength. Three eipuil portions, each containing about u*l gm. of the 
metal, are measured into beakers. 10 c.c. of a 10 per cent, solution of 
ferric chloride ami 2 to 3 gm. of citric acid arc addeil t<> ca<*li, and then 
ammonia with stirring until the liquid has a faint smell of the reagent 
-a large excess being carefully avoided. Tiie solutions arc then diluted 
to about KM) c.c;. with hot water and brought to a tenqierature of 63 to 75° 
C. The ferrocyanide is then run in slowhi from a burette with constant 
stirring. A drop of the solution is from time to time j,ransforre(l to a 
liarallinod white plate; and .‘U’-idKied with a drop of dilute acetic acid. 
The titration is tinished when a greemish colour apjiears after 5 minutes’ 
standing, The first portion is used to ged an apjiroxiniatc result; the 
exact end-point being determined in the other two. 

Determination of Nickel in Steel. —Dissolve! gm. of the borings in 
10 to 15 c.c. dilute nitric acid (1: 1) in a 150 c.c. flask covered with an in¬ 
verted crucible cover. When the first violent action is over, remove 
cover, and boil gently with constant motion over a B u n s c n flame till the 
steel is dissolved, adding, if noca^ssary, a few drops of strong HCl ora 
crystal of KGIO., to complete solution. Now add 10 c.e. of cone. HNOa, 
heat to boiling again, and add 0*5 gm. KCIO 3 . Boil off the chlorine, thou 
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add another (>'5 gm. of chlorate, and hoil for two minute'^. Allow the 
flask to cool a littlo and filter off the MnO^ on a Gooch crucible, and 
wash with as small a <juantity of cold water as jjossiblc. Then proceed 
according to the method described above. As the presence of a large 
amount of iron somewhat retards the appearance of the end.reaction, 
the ferrocyanide solution u^ed should be standardized in the presence 
of about the same amount of iron as is contained in 1 gm. of steel. The 
results are accurate. 


3 . Determination of Cobalt and Nickel (Rupp and Pfennig).^ 

Cobalt. - 'I'he following method is based on the formation of a double 
cyanide, which is decomposed by excess of cobalt ions with formation 
of insoluble cobalt <‘yanide. 1 atom of cobalt was found to correspond 
to 5 mole<‘nIes of KCN. 

The cobalt solution, which must be neutral and contain between 
and 0*75 per cent, of cobalt, is run fi’om a burette into a moasunMl 
volume (5 to 25 c.c.) of n/., potassium cyanide (undiluted) until a i)crman- 
ent brownish turbidity is produced. 

1 (^.c. KCN n-WtoO gm. cobalt. 

*/2 KCN prepared from pure cyanide can be standardized by^/ 4 orJ ^/2 
HCl or K.^SO* using methyl orange as indicator. 

Nickel.— Exactly the same procedure is followed with regard to nickel. 
The neutral solution, diluted to contain 0*4 to 1-0 per ('(*nt. nickel, is run 
into 10 c.c. of % cyanide until a permanent turbidity is seen. Before 
commencing the titration 5 to 20 drops of 10 per cent, ammonia should 
be added to the cyanide solution, as an increas(5<l sharpness of the end- 
reaction is thus secured : the addition of more than 5 c.c. however, leads 
to very erroneous results. 

1 c.c. "/a KCN - O'OOTlillrt gm. Ni. 


The metliod may also be (larried out in the reverse way- -for nick<d, 
but not for cobalt—as follows: To the (neutral) nickel solution add 10 
drops of a 1 percent, phenolphtlialcin solution, then run in cyanhlo 
from a burette until the precipitate formed is redissolvcd and a red tint 
obtained, showing the formation of the double cyanide. The addition 
of one drop more causes the formation of the usual rod colour. 

Anotlier modidcation, also applicable to nickel only, is as follows: 
To the neutral nick<d solution is added a measured quantity of (cyanide, 
more than sufficient to form the double cyanide, and tlie exc(‘ss deter¬ 
mined by titration with IfCl or H.jS 04 , using methyl orange as 
indicator. 


1 ZeU., 1010, 34 , .322, and J. X C. /., 1910, 29, 618, 
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NITROGEN AS NITRATES AND NITRITES. 

Nitric Anhydride. 

N,(), = nm)2. 

Nitrous Anhydride. 

N,(), - 7*i-02. 

Normal acid x 0-0ri40 = N.jO^ 

Ditto X O UUI - IvNO, 

Motaliio iron x OdiTOl *= HNO., 

Ditto X 0-G035 - KNO.', 

Ditto X 0-;t224 = N.,0, 

The aociiratc dot<'rmination of nitric acid in eomhination presents 
jfr(‘at djfticiilties, and can only be made by indirect means ; the methods 
here given are sulliciont for most purposes. Very few of them can be 
said to b<5 simple, but it is to be feare(l that no simph? process can ever 
be obtained for the d(‘termination of nitiic acid in many of its combina¬ 
tions. 


I. Determination by conversion into Ammonia (Schulze and 
Vernon Harcourt). 

This method is liased on the fact tiiat when a nitrate is heated with 
a strong alkaline solution, and zinc added, ammonia is evolved; when 
zi[)e alone is used, however, the (puintity of ammonia liberated is not 
a constant measure of the nitric acid present. Vernon Harcourt 
and S i e w art' appear to have arrived independently at the result that 
by using a mixtuni of zinc and iron the reaction hecame f|uantitative. 

A convement form of a{>paratus is shown in fig. 43. 

Method of Pkoceduue : The distdiing flask holds about 200 e c. and 
is closely connected by a bent tube with another smaller Hask, in such a 
manner that both may be placed obli<juely upon a sand-batJi, the bulb 
of the smaller flask coming just under the neck of the larger. The 
oblique direction prevents the spurting of the boiling litjuhls from enter¬ 
ing the exit tubes, but as a further precaution tliese latter are in both 
flasks turned into the form of a hook ; from the second flask, which 
must he somewhat wi<le in the mouth, a long tube passes through a 
Lie I) i g’s condenser (whici) may be made of wide glass tube} into an 
ordinary tubulated receiver, containing normal sulphuric a<‘id coloured 
with an iudicator. The end of the distilling tube reaches to about the 
middle of tlie receiver, through the tubulureof which Harcourt passes 
a bulb apparatus of peculiar form, containing also coloured normal acid; 
instead of this latter, however, a chloride of calcium tube, filled with 
broken glass, and moistened with acid, will answer tlie purjxise. The 
distilling tube sliould he out at about two inches from the cork of the 
second flask, and connected by moans of a well-fitting vulcanized tube ; 

^/. V. K, 1862. 15, 881; An. Chem. i(. Phar.. 128, ‘29t. 
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by this means water may be passed through the tube when tiie distilla* 
tion is over so as to remove any traces of ammonia which may have been 
retained on its sides. All the corks of the apparatus sliould be soaked 
in hot paraffin, so as to fill up the pores. 

All !)eing ready, about 50 gm. of finely granulated zinc (best mad(^ by 
pouring molten zinc into a warm iron mortar while tlie pestle is rapidly 
being rubbc<l round) arc put into the larger flask with about half the 
quantity of clean iron filings which have been ignited in a covered cruc¬ 
ible (fresh iron and zinc sliould he used for each analysis); tlie weighed 
nitrate is tlicn introduced, either in solution, or with water in sufficient 
quantity to dissolve it, strong solution of caustic |>otHsh added, and the 
flask immediat<dy connect(‘d with the apparatus, and placcMl on a small 
sand-batli, whicii can be heated by a gas-burner, a little water being 
previously put into the second flask. Convenient proportions of material 
are A gm. nitre, and about 25 c.c. each of water and solution of potash of 
specific gravity 1 •3, The mixture should be allowed to remain at ordinary 
temperature for about an hour (Kder). 



Fig. 4;k 


Heat is now Jipplied to that part of the sand-bath immediately 
beneath the larger flask, and the mixture is gradually raised to tlie br)il. 
ing point. When distillation has actually commen(;e(l, tlie water in the 
second flask is made to boil gently; liy this arrangonKUit the fluid is 
twice distilled, and any traces of fixed alkali which may have escaped 
the first are sun; to be retained in the second flask. The distillation 
with the quantities abovo-iinmed will occu|)y al)uut an liour and a half, 
and is completed winm hy<irogen is pretty freely liberated as the potash 
becomes conc<*ntratc(l. The lamj) is then removed, and the whole allowed 
to cool, the distilling tube rinsed into tlie receiver, also the tube contain- 
ing broken glass; tlie (lontents of the receiver are then titrated witli *^/io 
‘ caustii! j)otasli or soda as usual. 

K d e r recommends that an ordinary ndort, with its neck set upwards, 
sliould be used instead of the flask for holding the nitrate, and that an 
aspirator should be attached to tlie exit tulie, so tliat a curi'ent of air 
may be di*awn tlirough during and after the distillation. 
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Chlorides and sulphates do not interfere with the process. 

This method is simplified in some agricultural experiment stations 
for the analysis of sodium and potassium nitrates. 

Metuoj) of J’kocediike : 0*5 gm. of the nitrate is dissolved in about 
r)0e.c. of water in a convenient hask fitted witli a bulb distilling tube 
such as is shown in fig. 27. To the liquid is added about 5 gm. each of 
ziiKt <lust and iron filings, then 80 c.c. of sodium hydrates solution (sp. gr. 
1*3). The mixture is allowed to stand at ordinary temperature for an 
hour, when the distillation is commenced by heating up carefully and 
distilling until at least 100 c.c. are re(^eived into standard acid through 
a condenser, as in tlui K j e 1 d a h 1 process. 

Schmitt has suggested a further modification of this method, 
technically useful for mixed manures, 

Methoo OF PiiocEDUKE : About 1 gm. of the substance in which the 
nitrate is to be determined is dissolved in water, h c.c. of glacial acetic 
acid and 3 gm. of a mixture of equal weights of finely powdered iron and 
zinc added, and the flask gently heated for 10 or is minutes. When 
cooled, 25 c.c. of siiljdmric acid ai'e cautiously addf'd and a little solid 
paraffin to prevent frothing. The flask is then gently heated to drive 
off the acetic acid, ami the residue boiled as in the K j e 1 da h 1 method 
until colourl(!ss. Caustic soda in excess is then added and the distilla¬ 
tion (;ommence<l in the usual way, receiving the distillate into standard 
acid. 


2 . By Oxidation of Ferrous Salts (Pelouze). 

(Not available in the presence of Organic Matter.) 

This is the oldest method for the quantitative determination of com- 
hined nitric acid. Tlie following reaction takers place 

3Fe(d, + UNO, -F 3H0I - 3FeCI., + NO + 2H,() 

An o.xcess of ferrous cliloride having been taken, that remaining after 
oxidation has been conqileted is determined either with standard di¬ 
chromate or permanganate. The equation shows that 3 x .5.5-84 = 107*52 
parts of ferrous iron oxidized corresjiond to 03-018 parts of HNO,, or iron 
oxidized x 0-3702 = UNO,,. 

This method, though theoreti(;ally perfeid., is in pr.actice liable to 
serious errors, owing to the readiness with whicli a solution of a ferrous 
salt absorbs oxygen from tin; atmosphere. On this account accurate 
results are only obtained by conducting hydrogen or carbon dioxide 
through the apparatus while the boiling is being carried on. This modi¬ 
fication has been ailopted by F re s e ni u s with very satisfactory results. 

The boiling vessel may consist of a small tubulated retort, supported in sucli 
a manner that its neck iucliues upward; a cork is fitted into the tubulure, and 
through it is passed a small tube connocted with a vessel for generating either 
carbonic acid or hydrogen. If a weighed quantity of pure metallic iron is used 
for preparing the solution, the washed carbonic acid or hydrogen should be 
passed through the apparatus while it is being dissolved; tlie solution so obtained, 
or one of double sulphate of iron and ammonia of known strength, being 
already in the retort, the nitrate is carefully introduced, and the mixture heated 
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gently by a small lamp, or by the water bath, for 10 minutes or so, then boiled 
until the dark-red colour of the liquid disappears and gives place to tlie brownish- 
yellow of feiTic compounds. The retort is then allowed to cool, the current of 
carbonic acid or hydropou still being kept up, then the liquid diluted freely, and 
titrated with *^/io periiiauganate. 

Owing to the irregiilnrities attending the uso of permanganate witli 
hydrochloric acid, it is preferalile, in ease this acid has been used, to 
dilute the solution less, and titrate with dichroiiiate. Two grams of 
pure iron, or its equivalent in doulilu iron salt, 0'5 grn. of saltpidre, and 
about 00 c.c. of strong hydrocldorie acid, are convenient proportions for 
the analysis. 

Kde r^ Ini'! modified Fr es en i u s’s irnprovemonts as follows 

1 5 gm. of very thin iron wire is dissolved in fiO to 40e.o. of pure 
fuming hydrochloric acid, placed in a retort of about 200 c.e. ('apacity ; 
the neck of tlie retort points upwards, at a moiierately aeub^ angle, and 
is connected with a U-tube, wliieli contains water. Solution of the iron 
is hastened byapfilying a small flame to the retort. Throughout the 
entire process a stream of CO.j is passed through the apparatus. When 
the iron is all dis.solved the solution is allowed to cool, the stream of 
(lOo being maintained; the weighed ipiantity of nitrate contained in a 
small glass tube (equal to about 0 2 gm. HNO.,) is tlnm quickly passed 
into the retort through the neck; the heating is continued under the 
same conditions as liefore, until tlie liquid assumes the colour of ferric 
chloride. The whole is allowed to cool in a stream of CO^; wntor is 
added in quantity, and the unoxidized iron is doterminc<! by titration 
with permanganate. Tlie results are exceedingly good. 

If the CO3 be generated in a flask, with a tube passing downwards 
for the reception of the acid, air always finds its way into the retort, and 
the results are unsatisfactory. Eder recommends the use of Kipp’s 
CO2 apparatus. By (tarrying out the operation exactly as is now to be 
described, he has obtained very good results with ferrous sulphate in 
place of chloride. 

The same apparatus is eniploj'cd ; the tube tlirough which 00^ 
enters the retort passes to the bottom of tiie liquid therein, and the 
lower extremity of this tube is drawn out to a fine point. Tlie bubbles 
of COo are thus reduced in size, and the whole of the nitric acid is removed 
from the li(jiiid by tlie passage of these bubbles. The iron wire is dis¬ 
solved ill excess of dilute sulphuric acid (strength 1:3 or 1; 4). When 
the liquid in the retort has become cold, a small tube containing the 
nitrate is quickly passed, by means of a piece of platinum wire attaolied 
to it, through the tubulus of the retort, and the cork is replaced before 
the tube has touclied the liquid; CO.^ is again passed tlirough the appar¬ 
atus for some time, after whicli, by slightly loosening the cork, the tube 
containing the nitrate is allowed to fall into the liquid. Tlie whole is 
^.allowed to remain at tlie ordinary temperature for about an liour—this 
is essential—after wliicli time the contents of the retort are heated to 
boiling, CO2 being passed continuously into the retort, and'the boiling 
continued till the liquid assumes the light yellow colour of ferric sulphate. 


1 X. a. c., 1877, 10, 267. 
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After cooling, water is added (this may be omitted with dichromate), 
and the unoxidizod iron is determined by permanganate. 

E dor also describes a slight modification of this process^, allowing 
of the use of a flask in place of the retort, and of anim-niium ferrous 
Bulpliatc in place of iron wire. Although the titration with permangan. 
ate is more trustworthy when sulphuric acid is employed than when 
hydrochloric acid is used, lie nevertheless thinks tiiat the use of ferrous 
chloride is generally to bo recommended in preference to that of ferrous 
sulphate. When the chloride is einpIoy<Hl, no special conceiUrat on of 
acid is necessary; the nitric oxide is more rea<iily expelled from the 
li((uid, and the process is finislied in a shorter time. Some manganese 
suliihate sliould, however, ho, used to pnjvent the disturbing effect of HOI 
when permanganate is used for titration. 

The final point in tlie titration with {lerinangaiuite, when the sulphate 
is employed, is rendered more (!asy of dcLcrmiuatiori by adding a little 
potassium sulphate to the liquid. 

Direct Titration of the Resulting Ferric Salt by Stannous 

Chloride.— Kresonius has adopted tlic use of stannous chloride for 
titrating tlie ferric salt with very good results. 

The following plan of proiM^luiX', is iecomni(“u<lcd by tlio same 
authority. 

A solution of h'rrous sulphate is prepared by dissolving 100 gin. of 
the crysf.als in 500 c.c. of hydrochloric acid of sj). gr. IdO; when used for 
the analysis, the small proporlion of ferric oxiih^ invariably present in it 
is found by titrating with stannous chloride. The nitrate being weighed 
or measiii'('d, is bronglit togetlicr with 50 c.c. (more or less, according to 
tiie quantity of nitrate) of the iron solution irpo a long-necked flask, 
through the cork of which two glass tubes are pas«od, one connected 
with a C(b ap]>aratus, ami reaching to the niiddli! of the flask, the other 
simply an outlet for the passage of the gas. Wlnni the gas has driven 
out all the air, the flask is at first gently Iiealod, a d eventually boiled, 
to dispel all the nUriit oxiile. Tlio COo tube is tlicii rinseil into the flask, 
and the liquifi, while still boiling hot, titrated for ferric (diloride, as on 
p. 153. 

The liquid must, however, he allowed to cool hcfoiv titrating with 
iodine for the excess of stanmms I'hloruJe. While cooling, the stream of 
COg should still he continued. Tlie quantity of iron changed into per¬ 
oxide, multiplied by the factor 0*3701, will give tln‘ amount of nitric 
acid (HN()t). 


Example: (1) A solution of stannous chloride wa-; used for titrating 10 c.c. 
of solution of pure ferric diloride containing 0*2151 gm. Fo, 25*05 c.c. of tin 
solution were required, therefore that quantity was equal to OOHOU gin. of UNO^, 
or 0*06932 gm. of NjOj. 

(2) 60 c c. of acid ferrous sulphate were titrated with tin solution for ferric 
oxide, and 0*25 c.c. was required. 

(3) 1 c c. ttn solution = 3*3 c.c. iodine solution. 

(4) 0*2177 gni. of pure nitre was boiled, as described, with 50 c.c. of the acid 
ferrous sulphate, and required 45‘05 c.c. tin solution, and 4*7 c.c. iodine 
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4'7 c.c. iodine solution = 1*42 c.c. SnClj 

The peroxide in the protosulphato solution - 0-25 c.c. 


l-r.7 

45-05 - 1-07 - 43*33 
25-05 :48*38 -= 0*00934 . x 
■x - 0*1173 N 3 O., 


instead of 0*1103, or 53'OOper cent, instead of 53*4-2. A mean of this and three 
other determinations, using varying proportions of tin and iron solutions, gave 
exactly 53*42 per cent. In the case of pure materials, therefore, the process is 
entirely satisfactory. 

The above process is slijflitly modified by Edei*. About 10 gm. of 
ferrous ammonium sulphate are dissolved in a (lask in about 50 c.o. of 
hydrochloric acid (sp. gr. 1*07) in a stream of CO.j. The fchi*ongh 
which the CO^ enters is ilravvn ton point; an exit tnbi*, somewhat 
trumpet-shaped, to admit of any liquid that may spurt finding its way 
back into the flask, passes downwards into water. After solution of the 
double salt, the niiratc is dropped in with the precautions already de¬ 
tailed, and the liquid is boiled until the nitric 
oxide is all expelled. The hot liquid is diluted 
with twice its own volume of water, excess of 
sfcinnous chloride solution run in, tlie whole 
allowed to cool in a stream of 0(b, and the 
excess of tin determined by means of standard 
iodiiK!. 

Holland’s Modification of the Pelouze Pro¬ 
cess. —Th(5 airangem'-nt of a[){>aratus shown in 
fig. 44 obviates the us(5 of an atniosjiliere of H 
or CO..,. A is a long-necked assay-flask drawn 
off at It, so as to form a shoulder, over which is 
passed a piece of stout india-rubber tube, D, 
about 6 centimetres long, the other end ter* 
minating in a glass tube, f, drawn off so as to leave only a small orifice. 
On the rubber connector n is placed a screw clamp. At c, a distance of 
3 centimetres from the shoulder, is cemented with a blow-pipe a piece 
of glass tube about 2 centimetres long, surmounted by one of stout 
rubber tube, rfifher more than twi(;e that length. The rubbci- tubes 
must be securely attached to the glass by binding with wire. 

Method of Prockdurp, ; A small funuol is inserted into the rubber tube at 
C, the clamp at d being for the time open ; after the introduction of the solution, 
followed by a little water which washes all into the flask, the funnel is removed, 
and the flask supported, by means of the wooden clamp, in the inclined position 
it occupies in the figure. The contents are now made to bod so as to expel all 
air and reduce the volume of the fluid to about 4 or 5 c.c. When this point is 
reached a piece of glass rod is inserted into the elastic tube at c, which causes the 
•“water vapour to escape through f. 

Into the small beaker is put about 50 c.c. of a previously boiled solution of 
ferrous sulphate in hydrochloric acid (the amount of iron already existing in the 
ferric state must be known). 

The boiling is still continued for a moment to ensure perfect expulsion of air 
from F, the lamp is then removed, and the rubber connector slightly com* 
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pressed wiUi the first finger and thumb of the left baud. As the flask cools the 
solution of iron is drawn into it; when the whole has nearly receded the rubber 
tube is tightly compressed with the fingers, whilst the sides of the beaker are 
washed with a jet of boiled water, which is also allowed to pass into the flask. 
The washing may be repeated, taking care not to dilute more than is necessary or 
to admit air. Whilst i-’ is still full of water, the rubber connector previously 
compressed with the fingers is now securely closed with the clamp, tlie screw of 
which is worked with the right hand. Provided tlie clamp is a good one, f will 
remain full of water during the subsequent digestion. 

After heating in a water bath at 100^ for half an hour, the flask is removed 
from the water bath and cautiously heated with a small flame, tlie fingers at the 
same time resting on the rubber connector at the point nearest the shoulder; as 
soon as the tube is felt to expand, owing to the pressure from within, the lamp is 
removed and the screw clamp released, the fingers maintaining a secure hold of 
tlie tulie, the gas-flaine is again replaced, aud when the pressure oo the tube is 
again felt, this latter is released altogether, thus admitting of the escape of the 
nitric oxide, through F, wlucli should be below the surface of water iu the beaker 
whilst these manipulations are performed. The contents of the flask are now 
boiled until the nitric oxide is entirely expelled, and the soliitiou of iron shows 
only the brown colour of the peri-hlorido. At the completion of the operation, 
tlic beaker is first removed, and then tlie lamp. 

It now only remains to transfer tlic ferric solution to a suitable vessel and 
determine the perchlondo with stannous chloride as above. 

A. mean of six experiments for tlie percimtage determination of 
NjO., in pure nitre gave nikOfl pin* cent, instead of r)fl'42. The process is 
easy of exe<*iition, and gives satisfactory toeluiioal results. The point 
<*hiefly r('<|uiringattention is that the apparatus should 1 r‘ air-tight, which 
is secured by rhe use of goo<l riibher tubes and clamp. 

3. Sch losing's Method (Available in the Presence of Organic 
Matter). 

Tlie solution of nitrate is boiled in a flask till all air is expelled, 
then an acid solution of ferrous chloride drawn in, the mixture boiled, 
and the nitric oxide gas collected over mercury in a balloon filled with 
mercury aud milk of lime; the gas is tlieii brought, without loss, in 
contact with oxygen and water, so as to convert it again into nitric acid, 
then titrated with *^/io alkali as usual. 

This method was devised by Sclildsing for the determination of 
nitric acid in tobacco, and is e.speeially suitable for that ami similar 
purposes, where the presence of organic matter would interfere with the 
direct titration of tlie iron solution. Where the quantity of nitric acid 
is not below O'l.'i gm, the process is fairly accurate, but needs a special 
and rather complicated arrangement of apparatus, the description of 
which may be found in Freseni us’s Qumit. Anal., sixth edition. 

An arrangement of apparatus, dispensing with tiie use of mercury, 
has been devised by Wildt and Scheibe,* which simplifies the 
method and gives accurate results witli not less than 0-2 ,7 gm. NjO,. 
With smaller quantities the results are too low. Fig. 45 shows the ap¬ 
paratus used. 


‘ a. C’., 23,151. 
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A is a conical flask of 250 c.c. capacity, containinj; the solution to bo 
analysed. B is a round-bottomed flask of 250 to 300 c.c. capacity, half 
filled with caustic soda, to absorb any HCl which mijjht bo carried over 
from A. C is a conical flask of 750 c.c. capacity, containiiif,' a little water 
to absorb the nitric acid. 1) is a tube containing \val(‘r to collect any 
nitric acid not absorbed by the water in 0. 'rhetiil>e d is bent, as shown 



in the diagram, and drawn out to a point, to diminish the size of the 
bubbles. The tube e is wide, and cut obliquely to prevent water collect¬ 
ing and passing into C. * 

Method of Pkoceduke: The clip/> is closc<l and c opened, and the 
tube e disconnected from / The solutions in A and B are tlieii boiled 
for 20 minutes to remove all oxygen. Tlie tubes e and / arc again con- 
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tuv'ted, tlif! clip c is closed, the flame under B increased to prevent the 
liquid in 0 from Ixunj? drawn back, and the clip is opened. As soon 
as steam issues from the tube a, it is dipped into a coni(taI glass contain- 
iiig .50 c.e. of ferrous chloride prepared according to Schlbsing’s 
(hrectioiis, ami the llame under A is removed, when the ferrous chloride 
enters the flask. The clip 6 is n^gulatod w’ith the finger and thumb, so 
as to imwont the entry of air into the flask. The conical vessel is rinsed 
o or times with water, and this Is allowed to enter the flask, and the 
clipf> IS then closed, and the vessel A heated. The liquid in A turns 
l)rown in a short time, ;ind nitric oxide is evolved. The clip e is opened 
slightlv from time to tiiiKMintil the pressure is high enough, when it is 
ojieiu'd entirely. 'I'lio flanios must bo so regulated that a slow current 
of gas bubbles through tin* water in 0. The hydrocdiloric acid is re- 
movi'il by the caii'-lie soda in B, and the nitric oxide on coming in con¬ 
tact wilh the air in C is oxidized, and the nitric aci<l absorbed by the 
waf(‘r Incase the current of gas is too rapid, the escaping nitric acid 
IS ahsorlK'd m 1). After an hour the! tubes and / are distounccted, 
winli' the sniiit ioii" in A ami Bare still boiling, ami the nitric acid is 
titrated with dilute caustic soda (about \ normal). Tin; vessel C must be 
well conlod during the whole experiment, which occupies about an hour 
and a hall. 

(food ivsidts weix^ obtained with nitrates of potash and soda, both 
alone :t.ml mixi'd vvitli ammouium sulphat(‘, superphosphate, and amido 
compounds. With sn[»(‘rphosphab‘ tlu^ solution should be made slightly 
alkaline, i,o picveiit the liberation of nitric aciil. 

Waringtou* has maih' a scrie.s of exiieriments on the original 
Sc ii I d sing prociiss, lor the purpose of testing its accuracy when small 
<{uauliti(‘s ()1 nitric acid hav<i to bo determined in the presence of organic 
subslanc('s, Mudi for mstaiici* as in soils, the sap of beetroot, etc.; but 
insti'ud (li iv-convertiug the nitric oxid<5 into nitric acid as in the original 
imdliod, he coileeded tln^ gas (uthcr over caustic soda, as recommended 
by 11 e i c li a r (I t, or over mercury, and ascertained its amount by 
nie;imircment in F ran k I a n (I ’ s gas ai)paratus. The results obtained 
by Waringtoii plainlv showed that even in the most favourable 
eii'eunistances tlio method as usually worked in Germany, either by the 
alkalinKdnc titration or by nuxasurement of the gas, invariably gave 
results miieh too low, especially if the quantity of nitrate operated on 
was small, say or (1 centigrams of nitre; moreover, when sugar or 
similar orgame sul)staueo was present th(^ resulting gas was very impure, 
and the distillates were highly coloured from the presence of some vola¬ 
tile products. The nitric oxide also suflered considerable diminution of 
volume when loft for anv length of time in contact with the distillate, 
cspeciallv w hen over caustic soda. Tliis being the case, the following 
modifii'ation originally recommended by S c h 1 ii s i ng was adopted in 
which COo was employed, both to assist in expelling the air from the 
apparatus, and to chase out the nitric oxide produced. 

The form of apparatus adopted by Warington is shown in fig. 46. The 
vessel in which tlie reaction takes place is a small tubulated receiver, the tubulure 


1./. S., ISSO, 46S. 
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of which htts been bent near its extremity to make a convenient junction witli the 
delivery tube, which dips into a trough of mercury on the left. The long supply 
tube attached to the receiver is of small boro, and is easily filled by a J c.e. of 
liquid. The short tube to the right is also of small bore, and is connected by a 
rubber tube and clamp with an apparatus for the continuous production of carbon 
dioxide. 

In using this apparatus the supply tube is first filled witli strong HCl, and CO.j 
is passed tlirough the apparatus till a portion of the gas collected in a jar over 
mercury is found to he entirely absorbed by caustic potash. The current of gas 
is then stopped by closing the clamp to the right. A chloride of calcium bath at 
140° is next brought under the receiver, which is immersed one-half or more in 
the hot fiuid ; the temperature of the bath is maintained throughout the opera¬ 



tion by a gas burner placed beneath it. By allowing a few drops of IICl to enter 
the hot receiver, the CO.^ it contains is almost entirely expelled. A jar filled with 
mercury is then placed over the end of the delivery tube, and all is ready for the 
commencement of a determination. 

The nitrate, which should be in tlie form of a dry residue in a small beaker or 
basin, is dissolved in about 2 c.c.* of strong ferrous chloride solution, 1 c.o. of 
strong HCl is added, and the whole is then introduced into the receiver through 
the supply tube, being followed by successive riasiugs with HOI, each rinsing not 
Exceeding a c.e., as the object is tc introduce as small a bulk of liquid as possible. 
The contents of the receiver are in a few minutes boiled to dryness ; ,a little COg 

^ Supposing the ferrous chlorida to contain 2 gm. of iron per 10 c.c , then 1 c.c. of the 
solution will lie nearly equivalent to 0 1207 gm. of nitre, or 0*0107 gm. of nitrogen. A 
considerable excess of iron should, however, always be used. 
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is admitted before dryuess is reached, and again afterwards to drive over all 
remains of nitric oxide. If the gas is not to bo analysed till next day, it is advis¬ 
able to use more CO.^, so as to leave the nitric oxide diluted witli several times its 
volume of that gas. As soon as oue operation is concluded the apparatus is ready 
for another charge. 

This inode of working presents the following advantages 

(1) The voliiiiie of liquid introduced into the apparatus is much diminished, 
and with this of coui'se tlio amount of dissolved air contribut'd from tins source. 

(2) Ily evaporation to dryness a complete reflation of the nitrate and ferrous 
chloride, and a pcrfoi^t expulsion of the nitric oxide formed, is as far as possible 
attained. 

(:l) The nitric oxide in the collecting jar is left in contact with a much smaller 
volume of acid distillate, and its liability to absorption is greatly diminished by 
its dilution with CO.,. 

The results obtained with this apparatus hy Wari ngt on on small quantities 
of nitre alone, and when mixed wiLli varying (|uantilics of ammonium salts and 
organic substances including sugar, showed a marked improvement upon the 
method as usually carried out. 

A furthor improvninciit has heeii made in this mi'tliod by Wari ng* 
ton/ and described by him as follows;-- 

The apparatus now employed is quite similar to that shown in fig. 46, with the 
only diffcreucc that the bulb retort m winch tlic reaction takes place is now only 

inch in diameter, tlins more exactly rcscmlilmg the form employed by 
Schlosing. A bulb of this si/o is sulticieiit for the analysis of soil extracts; 
for determinations of nitrates in vegetable extracts a larger bulb is required. 

The chief improvement consists in the use of CO., as free as possible from oxygen. 
The generator is formed of two vessels. The lower one consists of a bottle with 
a tubulure iu the side near the bottom; thus bottle is supported in an inverted 
position, and contains the marble from which the gas is generated. The upper 
vessel consists of a similar bottle standing upriglit; this contains the HCI required 
to act on the marble. The two vessels arc connected by a glass tube passing 
from the side tubulure of the upper vessel to the inverted mouth of the lower 
vessel: the acid from the upper vessel thus enters below the marble. CO.j is 
generated and removed at pleasure by opening a stop-cock attaclied to the side 
tulailure of the lower vessel, thus allowing IlCl to descend and come iu contact 
with the marble. The fragments of marble used havo boon previously boiled in 
water. The boiling is conducted in a strong flask. After boiling has proceeded 
some time, a rubber stopper is fixed in the neck of the flask, and the flame 
removed ; boiling will then continue for .some time m a partial vacuum. The lower 
reservoir is nearly filled with tlie boiled marble thus prepared. Tho UCl has been 
also well boiled, and before it is introduced into tho upper reservoir it has dissolved 
iu it a inoderato quantity of cuprous chloride. As soon as tho acid has been 
placed in the upper reservoir it is covered by a layer of oil.. The apparatu.s being 
thus chained is at once set in active work by opening the stop-cock of the marble 
reservoir; tho acid descends, enters the marble reservoir, and the CO., produced 
drives out tho air which is necessarily present at starting. As tho acid reservoir 
is kept on a higher level than the marble reservoir, the latter is always under 
internal pressure, and leakage of air from without cannot occur. 

The presence of the cuprous chloride in the liydrocliloricacid not only ensures 
the removal of dissolved oxygen, but affords an indication to the eye of the 


C. N.. 1882, 315. 
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maintenance of this condition. 8o long as the acid remains of an olive tint 
oxygen will be absent; but should the acid become of a clear bluo-green, it is 
no longer certainly free from oxygen, and more cuprous chloride must be added. 

A further slight improvement adopted consists in tlio use of frcshly-boiled 
reagents, wliich are employed in as small a quantity as possible. When boiling 
the hydrochloric acid it is well to add a few drop.s of ferrous cliloride, in order 
more certainly to remove any dissolved oxygeu. 

The mode of operation is as follows: The apparatus is fitted together, the long 
funnel tube attached to the bull) retort being filled with water. Connection is 
made with the glass stop-cock of the CO.j generator by means of a short stout 
rubber tube, provided with a pinch-cock. The pmch-cock being opened, the 
stop-cock IS turned till a moderate stream of bubliles rises in the mercury trough; 
the stop-cock is left in this position, and the admission of gas is afterwards 
controlled by the pinch-cock, pressure ou which allows a few bubbles to pass 
at a time. The boated chloride of calcium bath is next raised, so that the bulb 
retort is almost submerged; the temperature, shown by a thermometer which 
forms part of tlio apparatus, should be to 140" By boiling small quantities 
of water or hydrochloric acid in the bulb retort in a stream of CO^ the air present 
is exjjelled, Ihe supply of gas must be stopped before the boiling has ceased, so 
as to leave little in the retort. Previous to very delicate experiments it is advisable 
to introduce through the funnel tube a small quantity of nitre, ferrous chloride, 
and hydrochloric acid, rinsing the tube with the latter reagent; any trace of 
oxygen remaining in the apparatus is tlien consumed by the nitric oxide formed, 
and after Ixuling to dryness, and driving out the nitric oxide witli CO,_„ the apparatus 
is in a perfect condition for a quantitative experiment. 

Roil extracts may be used without other preparation than concentration. 
Vegetable juices, which coagulate when heated, require to be boiled and filtered, 
or else evaporated to a tbm syrup, treated with alcohol and filtered. A clear 
solution being thus obtained, it is concentrated over a water bath to the smallest 
volume in a beaker of smallest size. As soon as cool, iu is mixed with 1 c.e. of a 
cold saturated solution of ferrous chloride and I c.e. HCI, both reagents liaving 
been boiled and cooled immediately before use. In mixing witli the reagents 
care must be taken that bubbles of air arc not entangled; this is especially apt to 
occur with viscid extracts. The quantity of ferrous chloride mentioned is amply 
sufficient for most soil extracts, l>ut it i.s well perhaps to use '1 c.e. in the firet 
experiment of a series; the presence of a considerable excess of ferrous chloride 
in the retort is tlius casurod. Witli bulky vegetable extracts more ferrous chloride 
should bo employed; to tlie syrup from 20 gra. of mangel sap should be added 
c.c. of ferrous chloride, and 2 c.e. of liydrochloric acid. 

The mixture of the extract with ferrous chloride and HCI is introduced 
through the funnel tube and rinsed in with three or four successive J c.c. of HCl. 
The contents of the retort are then boiled to dryness, a little COj being from 
time to time admitted, and a more considerable quantity used at the end to expel 
any remaining nitric oxide. The most convenient toroperaturo is llO", but in 
the case of vegetable extracts it is well to commence at ISO", as there is some risk 
of the contents of the retort frothing over. The gas is collected in a small jar 
over mercuiy. As soon as one operation is completed, the jar i.s replaced by another 
full of mercury, and the apparatus is ready to receive a fresh extract. A series 
of five determinations, with all the accompanying gas analyses, may be readily 
performed in one day. The bulb retort becomes encrusted with charcoal, when 
extracts rich in organic matter are the subject of analysis; it is best tleaned first 
with water, and then by lieatmg oil of vitriol in it. 

Mercury, contrary to the statement in most text-books, is gradually attacked 
by hydrochloric acid in the presence of air; the mercury in the trough is thus 
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apt to become covered with a grey chloride, and it is quite necessary to keep the 
store of mercury in contact with sulphuric acid to preserve its mobile condition. 

The gas analysis is of a simple character; the gas is measured after absorption 
of the CO.j by potash, and again after absorption of the nitric oxide, the difference 
giving the amount of this gas. For the absorption of nitric oxide, a saturated 
solution of ferrous cliloride was for some time employed. This method is not, 
however, perfectly satisfactory wlicn the highest accuracy is required, the nitric 
oxide being generally ratlior under-estimated, unless the process of absorption is 
repeated with a fresh portion of ferrous chloride. The error is greater in pro¬ 
portion to the quantity of unabsorbed gas present. Thus, with a mixture of 
nitrogen and nitric oxide containing little of the former absorption of the nitric 
oxide by successive treatment with oxygon and pyrogallol over potash showed 
97'8 per cent, of nitric oxide; wlnle the same gas, analysed by a single absorption 
with ferrous chloride (after potash), showed 97-5 per cent, of nitric oxide. With 
a mixture containing more nitrogen, the oxygen method showed 05-9 per cent, of 
nitric oxide; wlnle one absorption with ferrous chloride gave t)l-2 percent., and 
a second absorption, ni winch the ferrous chloride was plainly discoloured, 6G*2 
percent. The uso of ferrous chloride as an absorbent for nitric oxidq lias now 
been given up, and the rxygen method substituted. All tlie measuremonts of 
the gas are now made without shifting the laboratory vessel; tlie conditions are 
tlius favourable to extreme accuracy. 

Tlie chief source of error attending the oxygen process lies in the 
small quantity of carbonic oxide produced during the absorption with 
pyrogallol; this error becomes negligible if the oxygen is only used in 
small excess. The difficulty of using tin* oxygen in nicely regulated 
quantity may be removed liy the use of H i s c h o f’s gas delivery-tube. 
This may be made of a test-tube, having a small perforation half an inch 
from the mouth. The tube is partly tilled with oxygen over mercury, 
and its month is then closed by a finely-perforated stopfier, made from 
a piece of wide tube, and fith'd tightly into the test-tube by means of a 
covering of rubber. When this tube is inclined, the sidii perforation 
lieing downwards, the oxygen is discharged in small bubbles from the 
perforated stopper while mercury enters through tlie side opening. 
Using this tube, the supply of oxygen is perfectly under control, and can 
be stopped as soon as a h’esh bubble ceases to produce a riHl tinge in the 
laboratory vessel. The trials made with this apparatus liave been very 
satisfactory. 

If nitrites are to bo determined by this method, it is necessary 
first to convert them into nitrati's with excess of liydrogen peroxide, 
which is entirely <lestroyed by the snbseijuent evaporation to dryness. 

4 . By the Kje Id ah I Process. 

By the Gu n n i ng-.Todl baner modified method described on p. 
91 it is now quite possible to determine the nitrogen in commercial 
nitrates with great accuracy and very little p{‘rsonal attention. 

* 5. Ulsch's Method. 

This is a simple and ready plan of determining alkali nitrates, or the 
amount of them existing in manures when there is no salt of ammonia 
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or other form of nitrogen present. Tt depends on the fact that when 
nitrate of soda or potash is boiled with dilute sulphuric a(dd, together 
with iron reduee<l by hydrogen, the nitrogen becomes converted into 
ammonium sulphate. 'I'hc ammonia is then distilled off by boiling with 
caustic sixla as iu K j «J d ah I ’ s method. 

Met[I 01 ) of PitoPEDUKh:: 0-5 ^, 011 . of an alkali nitrate, <lissolvcd in 25 
e.e. of water, or a volume of manure solution containin*^ about that 
(juanlity, which 'should not measure more than 25 or:«) e.c., is put into 
a am:dl (150 c.c.) llask. 5 ^m. of redu(*ed iron and 20 c.c. of dilute sul¬ 
phuric acid (1 :5)aro then added, and the flask placed in an inclined 
position and the reaction allowed to continue in the cold until efferves¬ 
cence ceases. The mixture is then boiled for (> or 7 minutes, and allowed 
to cool. The liquifi is then transfeiTod to a Kjeldahl distilling 
flask, an oxc(‘ss of caustic soda with a few pieces of /me a<lded, and the 
animoiiia i*ullect(Hl in standard acid and titrated as usual in the 
Kjeldahl process. The calculation into uitroj^en or alkali nitrate 
presimt^? no difliciilty. 

heme opf'rators have obtained high results by this imdhod, owing to 
the reduced iron containing some form of nitrogen or ammonia. A 
blank should therefore made with the iron used to fin<l 

whether such impurity exists. H rand t found that cyanogen was the 
offending agent, and this wa'< removed by ignition of the iron again in 
hydrogen. 

A 20 [)er cent, solution of iitanoun chloride or )ml}>halc. may be used as 
the reducing agent. 'I he solution of nitrate is boiled with this reagent 
and excess of canstie soda in an ammonia distillation ajiparatus, the 
ammonia formed being received in standard acid as usual. A blank dis¬ 
tillation slionld be mad<‘. 

The official method ' to Ite used in the analysis of fertilizers under the 
Fertilizers and Feeding Stuffs Aet, 1000, is as follows 


Nitrogen in Nitrates in the Aiisence op Ammonium Salts and of 
Organic Nitrogen. 

1 gm. of the sample shall be placed in a half-Htro Krlenmeyer 
flask with 50 c.c. of water, 10 gm. of reduced iron and 20 c.c. of sulphuric 
acid of 1-35 sp. gr.'^ sliall be added. The flask shall be closed with a 
rubber stopper provided with a thistle tube, the head of which shall be 
half filled with glass lieads. The liquid shall be boiled for five minutes, 
and the flask shall tlicn be removed from the flame, any liquid that may 
have accumulated among the beads being rinsed back with water into the 
flask. The solution shall be boiled for three minutes more, and the beads 
again washed with a little water. The quantity of ammonia shall then 
be determined by distillation into standard acid after liberation with 
filkali. (Caustic Soda is generally used.) 

' The Fertilizens and Feeding Stuffs (Metlioils of Analysis) Regulations, 1908. No. 904. 

* Ma<le by mixing 1 vol of 1 -81 acid with 2 vols. ol water. 
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6. Technical Method for the Sch I dsi ng Process with Alkali Nitrates 
and Nitrated Manures. 

W}i}{ n e r luis armnjfcd a simple form of the Sch 1 os i n g method, 
which gives fairly good results aud permits of rapid working. 

The following is the slightly mollified arrangement, as adopted at the 
Halle Agricultural Kxpiiriment Station, for the determination of nitrogen 
as nitrates in fertilizers. 

A 2r)0 c.c. flask is fitted witli a two-holo rubber stopper. One hole carries an 
ordinary gas delivery-tube, and the other a thistle funnel, having a stop-coek 
below tile funnel. The end of this tube is narrowed, and does not quite reaeh the 
liquid in the Mask. 

A solution of 200 gm. of iron wire in hydrochloric acid is made and diluted to 
1 litre. .00 c <•. of this solution, and the same quantity of 10 per cent. HCI, are 
plac ed 111 Llic flask, and the air expelled by boiling. 10 c.e. of a standard solution 
of pure .'.odium nitrate, containing 2.0 gin. per litre, are thou placed in the funnel, 
and alioW’-'d gradually to drop into the boiliugsolution of iron. A gas tiib.e gradu¬ 
ated to 100 e.c is filled with 40 per cent, solution of caustic potasli, and the nitric 
oxide collected in the usual way. Wlien the nitre solution is nearly all dropped 
in, the funnel is filled with 10 per cent HCI, and run down drop by drop, and 
when no more nitric oxide is evolved the tube containing the gas set aside in a large 
jar containing distilled water. 10 c.c. of the solution to be tested are now put into 
the funnel, taking care that not more than 100 c.c. of gas will result. The gas is 
collected as hofore in a fresh tube jirein.sely as iii tiie case of the pure nitrate. In 
this manner ten or twelve determinations can be made with one and tlie same 
ferrous solution. Finally, a fresh test is made witti standard nitre solution ; the 
readings of the tubes arc taken, and as they will all be of the .same temperature 
and pressure no coiroction is nccossaiy, all being allowed to cool to the same point. 
The comparison between the pure nitrate and the sample will afford the calcu¬ 
lation. 


7. Devarda’s Method.^ 

The nitrate is reduced to ammonia by the evolution of hydrogen 
generated from alkali hydroxide and an alloy of aluminium with copper 
and zinc (Al 45, Cii .50, Zn 5), the ammonia being distilled into standard 
acid as 111 K j e 1 dah 1 ’ s method. The alloy, wliich eaii he readily pur¬ 
chased, is brittle. It should he powdered safficiimtly finely to pass 
through a No. ()0 sieve, and five times the weight of the nitrate taken for 
the determination should be used. Oahen -' distils the ammonia with 
steam, in preference to distillation by boiling. 

Method of Phocedure: About ()'5gm. of the nitrate is dissolved in 
110 e.c. of wati^r in a .Iona glass bulb flask, and 2-3 gm. of the allny, 5 c.c. 
of alcohol, and 50 e.c. of caustic alkali (sp.gr. 1-3) added. The flask is 
then quickly connected to the Kj el da hi distilling apparatus and al- 
lowe<I to stand for 30 minutes, whcni the brisk reaption will he complete. 
The contents of the flask are then slowly raised to the boiling tempera- 
ture, and steam pas.sed for 30 minutes, when all the ammonia will have 
distilled over. 


Z. n. f’, 1894, 33. 118. 


Analyat, 1910, 35, 307. 
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8. Oasometrlc Determination, as Nitric Oxide, of Nitros:en in Nitrates 
and Nitrites. 

1 (!.(!. NO at N.'r.F. 0'G254 N 

- v:m2 NO 

- 1-0975 „ N,0, 

„ - 2-4121 .. N^O, 

- 4-5140 „ KNO, 

5-7950 „ NmNO, 

= 2-8150 UNO, 

Tho I vvo followin^^ nM'thods "ive the nitrogen existing as both nitrate 
and nitrite in the sniistanees analysed. 

(i) Tho Cv u m method. 'I'his inotliod was doscril)ed Iw W. (’ r u rn as 
far back ns 1847. Originally devised for the analysis of nitrates ami of 
gnn-eottou, it was, in an ini|ir()ved form, nsetl by Franklaiul and 
Arms trong for the determination of nitrates in water, for which pur¬ 
pose it is still largely used (scm: Water Analysis seetion). 

(ii) Lunge’s nitrometer method. This is fully dciseribed in the section 
on Teehnieal Gas Analysis. Jt is used for the analysis of nitrous vitriol 
in snlphurie aeid maiuifHi-tiire and for sevi'ral other purposes. 

NITRITES. 

I. lodimetric Method. 

Dunstan and Dymond* have de-vised a method for the deter¬ 
mination of N.X), in organic and inorganic combination which is both 
simple in operation and acc,urate in rosults. 'I’lic authors point out that 
although the inorganic nitrites may lie accurately analysed by gasoinetric 
methods, or by permanganate, it is impossible to use such methods for 
the organic compounds or their alcoholic solutions. Tho rem-tion upon 
which the method depends is not new, being based on tin; following 
equation-- 

2H1 1- 211NO., - 2IU) H- 2NO + I.,. 

The liberated iodine is titrated with ^/w thiosulphate in tlie usual way. 
5’lie (diief merit in the process is the simple form of apparatus used, 
which is shown in fig. 47. 

A stout glass flask, having a ca[)acity of about 109 c.c., is closed by a 
tightly fitting rubber sto[)por, through which passes a pieije of rather wide 
glass tubing (C), one end of which (that within the llask) is cut off 
obliquely, mo that liquid -may How freely through It. The other end of 
the tube is comiectcd by means of a piece of thick rubber tubing with a 
arge glass tube, which forms a lipped funnel (A). A steel screw clamp 
(B) regulates communication between the funnel and the tube, and the 
short interval of rubber which is not occupied by glass tubing forms a 
j^inge upon which the flask may he moved into a position at riglit-angles 
to the funnel, in order to mix by agitation tho liquids whicli are intro- 
trodneed into tlie apparatus. The absence of any leak in the apparatus 
is ascertained by boiling about .50 c.c. of water in the flask until steam 

1 Pharm. JuUui. [3] 19, 7*11. 
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has continuously issued from the funnel for some f«^w minutes, when the 
sci‘ew clip is (juiitkly dosed and simultaneously the source of lieat is re¬ 
moved. A little water is now placed in the funnel and the flask is cooled 
by immersion in water. On sharply inverting the flask the “click” of 
the water against the airless flask should be quite distinct. No water 
should be drawn from the funnel or from any of tlio joints into the flask, 
and no diminution in the intensity of the “click” should be observed 


after the apjiaratus has been standing, neither when 
tlict flask is inverted and the funnel empty should 
any bubbles of air pass through into the liquid. 
Having thus prun'd the absence of any leak in the 
apparatus, it is ready for use. The flask is now free 
from all but mer{5 tra(M‘s of oxygen. A conclusive 
proof of this is obtained by boiling in the flask a 
solution of iMitassium iodide, acidified with diluted 
sulphuric acid, and then, after the closed flask has 
been cooled, the fu mud removed and its place taken 
by a smaller glass tube filled with air-free water, 
the apparatus is coiiU(H-t<‘d with a reservoir of pure 
nitric oxides. When the <damp is unscrewed nitric 
oxide is drawn into the flask, and should any oxy¬ 
gen be presiml nitrous acid will be produced, and 
conseqiu'ntly iodine will be set free. Tiiis experi¬ 
ment lias ofbm been made liv the authors, who 
have failed to o})servc any hut an insignificant trace 
of liberated iodine. 

Methoi) of Pkoceduke : 5 e.c. of a 10 per cent, 
solution of imtassiuiiiiodide, 5 c.c. of a 10 per cent, 
solution of siilpburic aeid, and 40 c.c. of water are 
introduced into the flask, which is securely fitted 
with the cork carrying the funned and tulie. The 
screw cli]> Ixdng open, and a free passage left for 
the escape of steam, the liquid isdioiled. After a 
few minutes, when any iodine which may havt* 
hc(‘ii liberated has boon expelled, and the upper 
part of the flask is coniplefely filled with steam, 
which is also freely issuing from the funnel, the clip 
is tightly oloseil, and at the same moment the 
source of heat is removed. A little watew is now 
put into the funnel, and also on the rim of the flask, 
as a safeguard against a possible minute leakage, 
and the vessel is cooled, hy immersion in water. 



Fig. 47. 


A solution containing a known weight of the nitrite (equivalent to 
about O'l gm. of nitrous acid) is placed in the funnel, and slowly 
drawn into the flask by cautiously unsci’ewing the clip. The liquid which 
adheres to the funnel is washed into the flask with recently boiled and 
air-free water, care being taken that during this operation no air is ad¬ 
mitted into the flask. When experiments are being made with organic 
nitrites which are insoluble in water, they are dissolved in alcohol, and 
alcohol is also used to wash the funnel. When the nitrite is very volatile, 
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a little cold alcohol should be put in the funnel, and tho point of the pipette 
containing the nitrite should be held at the bottom of the funnel beneath 
tho alcohol, anddhe liquid quickly drawn from the pipcdto into the flask. 
The nitrite having been introduced, file flask is vvofi sliaken and the 
liberated iodine is titrated with a standard solution of thiosuljihate, small 
quantities of wliiidi are didivei'ed from a burette into the funnel and 
gradually drawn into tho Mask ; the screw clip renders it quite easy to 
admit minute (piantitios of the solution. As soon as tin* iodine is de¬ 
colorized any standard solution remaining in the funnel is returned to 
the imrettc. Or the funnel may, before the titration is commenced, bo 
replaced by the burette itself, and the standard solution ilelivered direct 
into the Mask. Starch may he used as an indicator, Imt it is usually 
quite (ui'^y to oiiserve the complete disappearance of the yellow colour of 
the dissolved iodine. From the volume of tlie standard solution used, 
tho amoiiiit of nitrous acid is calculated from the equation liefore given. 

ft is obvious that tho apparatus miglit be improved in several respects, 
as for e^cample, by constructing it entirely of glass, with a gromnl stopper 
and tap, as well as by the use of a graduateil funnel to delivi'r the stand¬ 
ard solution, an<l also in otlior ways. 

The autliors quote numerous experiments, comparing the imdliod with 
careful ileterminations of sodium and ethyl nitrites gasometrieally, 
showing c\<*ell(mt results. 

As a further test of the accuracy of tho proci^ss, (experiments were 
made with various organic mtrib's of known purity. In each instance a 
solution of th(5 nitrite was made by weight, and a, weighed (piantity was 
used for the (hdermination. To jirevent any loss of tlu'se volatile nitriles 
the experiments were (.‘onducted m the following manner; A well- 
stoppered Iwttic half filled with the alcohol corresponding to the; nitrite ^ 
to be determined was weighed. Enough of tin; nitrite was now intro¬ 
duced by means of a pip<‘tte to constitute approxiniatidy a 2 pisr cent, 
solution, and tho liquid again weigliiMl. The exact strength of tin* solu¬ 
tion having been thus determined, tlie contents of the bottle wore well 
mixed, and the neck and stopper of lln^ bottle dried. Tlie bottle was 
now re-weighed, and about 2 c.e. of tin* solution removed by a pipette, 
care being taken not to wid tin; inu-k ol the botih*. Tin; liquid having 
been introduced into the flask without exposure to air, in the manner 
which has Imen previously described, the bottle containing the solution 
was again weighed. The results obtained with ethyl nitrite were 

Taken. Fonnil. 

00B8 gm. 0-089 gm. 

0*17fi „ 0-171) „ 

0-113 „ 0-115 „ 

, ’ Th(.‘ l■orre^l^ondlng alcoliol was cnipluycd to prevent los.s (,.)ii.su(iiu;iit uri the occurrence 

of a reverse clicmical change, wliidi takes place when a lower liotindogoiis alcohol is mixed 
with the nitrite corresjwnding to a high(‘r homologous alohol; lor example, a .solution of 
atnyl nitrite in ethyl alcohol soon becomes a solution of ethyl nitrit e in wiiyl alcohol, from 
which the ethyl nitrite rapidly volatilizes. 
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2 . Oxidation by Permanganate (Laird and Simpson).' 

The method consists in oxidation of the nitrite in acid solution with 
excess of permanganate, reduction of tlic excess peiunanganatc^ wilti (tx- 
cess of ferrous sulphate, oxalate, or hydi'ogen peroxide, aud titration of 
the excess of reducing agent vvitli permanganate. 

An excess of permanganate solution is acidified witli ID nr 20 c.c. 
of dilute sulphuric acid in a flask. The nitrite solution is then run in 
slowly witli constant sliaking. Excess of "/k, ferrous sul|iliate, liydrogen 
peroxide, or sodium oxalate solution is added, anil the clear solution is 
finally titrated witli permanganate. Ferrous sul|)liate is generally to he 
preferred, oxalate requiring titration at higli tem|ierature, and [leroxido 
solutions heing unstable. Hydrogen peroxide, liowcvor, can lie used in 
nitric acid solutions, wliich allows of nitrite being determined in [iresence 
of liarium. Chlorides do not interfere unless tlie concentration of 
chloride exceeds I 2 , 


3 . flasometric Method. 

P. F r a n k I a u d - adopts tills metliod for the determination of nitrons 
acid in small ipiantity, hut too large for colorimetric determination, and 
where also ammonia, organic matters, and nitrates may co-exist. It is 
based on the fact tliat when nitrous acid, togetlier with excess of urea, 
is mixed witli sulphuric acid in the cold, the reaction is 

CO(MI.,), + 2HNO, 2N., -p CO, + tiH,0. 

The decomposition is made in tlie C r u ni-F r a n k I a n d shaking 
tube, described aud figured in Part VII., and the evolved nitrogen gas 
measured in the usual gas apparatus. The ordinary nitrometer may 
also be used for large ipiantitics of NO by tlio same metliod. 

Ill the ease of an ordinary alkali nitrite, the dry substaiici', or its 
solution evaporated to dryness, is mixed with excess of crystallized urea, 
and dissolved in about 2 c.c. of boiling water in a beaker, tlien trans- 
ferreil, witli tlie i-insings, to tlio imp of the apparatus, and passed into tlic 
tube. A few c.c. of dilute sulphuric acid (I : 5) are tlien passed in. .\ 
vigorous evolution of gas takes place, and eontimies for some o miniifes ; 
tlio gas is a mixture of nitrogen and carbonic anhydride, T'he decompo¬ 
sition is complete in 15 imiintes. A .solution of pure sodium liydratc 
(1: 3) is now added througli the eiip, and the mi.xtnre violently shaken, 
until tlio GO, is ahsorlied. Tlie gas and liquid are then transferred, by 
means of anotiier mercury trougli, to tiie laboratory vessel, and the gas, 
which is doulile tlie volume of tlie N existing as N.,!).,, measured in a gas 
apparatus, and its weight calculated in tlic usual way. 

Examci.I'I : A solution of sodium nitrite was made and standardized witli por- 
mauganato, tlio result being tliat 10 c.e. — 0'01316 gm. N. 10 c.e of the same 
solution wore evaporated to dryness in a smalt beaker, about 0-2 giii. of urea 
added, the whole dissolved in 2 c.c. of hot water, which, with tlie rinsings, were 
transferred thfough the cup into the tube, treated witli sulphuric acid and caustic 
soda, then transferred to the gas apparatus with the following results: Volume 


V. .1. a S., 1919,11,524, 


V. U. ,x., 1888, J3, 364. 
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of N, 13*8 c.c.; mercurial pressure, 127'5 mm.; temperature, 17*7® C. The weight 
of N thus found, after the necessary corrections, was 0*01346 gm. 

The Cru m-Fran kland mercuiy method, described in the section 
on Water Analysis, and in whioli the same shaking tube is used, does not 
distinguish between nitric and nitrous nitrogen; but F. Fran kland 
required a method for the determination of nitrous acid in a mixture of 
nitrates, peptones, sugar, and various salts occurring in a solution used 
for cultivation of micro-organisms. The experiments carried out by 
him showed that when such a mixture was evaporated to dryness the 
loss of HNO3 was considerable, and the results came out much too low. 
Further experiment, however, showed that the addition of a slight excess 
of caustic potash during evaporation prevented the loss of any HNO2; 
and on the other hand the addition of a slight excess of ammonium 
chloride entirely destroyed it. Therefore by a combination of tln^mer- 
cury and the urea methods, the determination of nitric and nitrous acids 
may be satisfactorily accomplished, the destruction of the IINO.^ on the 
one hartd being etfectod by excess of NII 4 CI, whilst on the other hand all 
loss of IINO 2 may be avoided by evaporation with caustic alkali. The 
mode of procedure has the advantage over all differential methods ih 
that each acid is determined individually and ind<*pendently of the other. 

4 . Colorimetric Methods. 

The exceedingly delicate colorimetric methods of determining nitrites 
devised by G ri css and others will be described in the section on Water 
Analysis. 

DISSOLVED OXYGEN. 

(See Water Analysis Section.) 

HYDROGEN PEROXIDE, HYDROGEN DIOXIDE, OR HYDROXYL. 

H./)., - u-m. 

This substance is largely uso<i in commerce and is commonly sold as 
of “ 10 volume ” (3 per cent.) and “ 20 volume ” strength, im*aning there¬ 
by that the solution, when fully decomposed, yields ten times and twenty 
times its own volume respectively of oxygon. A still stronger preparation 
(“ Perhydrol ”) can now be obtained which yields 100 times its own 
volume of oxygen: it contains 20 per cent, of HaO-j. 

lodimetric Method. —Kingzett's* method of determining hydro¬ 
gen peroxide is to add to its solution, strongly acidified with sulphuric 
acid, some potassium iodide, and to titrate the iwlino set free with 
sodium thiosulphate and starch solution. The reaction is as follows 
2H1 + H2O3 = 2H3O -h Ij. 

The function performed by the sulphuric acid is difRcult of explanation, 
hut the want of uniformity in the reaction experienced by many oper¬ 
ators no doubt has arisen from the use of insufficient acid. , 

Method of Procedure: First dilute the peroxide solution, if 
necessary, to 2 volume strength (= 0*0 per cent. then add 10 c.c. 

1 a .S’. 1880, 792. 
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of this gradually to 200 c.c. of dilute sulphuric acid (1: 20) containing 
2 gm. of potassium iodide. After standing 16 minutes titrate the liber¬ 
ated iodine with "In thiosulphate solution and starch. 

In the case of a very weak solution it will be advisable to titrate with "jm thio¬ 
sulphate. 

1 c.c. "In thiosulphate = OdlOlI gm. 11^0., or 0-0008 gm. 0. 

Permanganate Method.— The following reaction takes place when 
perniangunate is added to a solution of hydrogen peroxide acidulated 
with sulphuric acid 

, 5 ir.,Oj -b K.iMn,,0, -1- 2 H ..804 = 50., -t- 2MnH04 + K.SO4 -1- 8 H. 4 O. 
Thence (6 x Sd-Olfi) = 170-08 gm. Hj0.j are equivalent fo 31(i-01i gm. per- 
manganato, or one litre of "In permanganate = 1-7008 gm. H.jO,;, and 

1 "In pci-mangiiiiate = 0-0017 gm. ILO.^. 


As, however, hydi-ogen peroxide is UKually supplied i-omniei-cially as of 
“ 10 volume,” etc., sti-ehgtii (see .above), a factor can be found for calculat¬ 
ing the “volume” strength from C(-. of permanganate rei|uired by 1 c.c. 
o! peroxide, thus 

100 c.c. of “ 10 volume" peroxide (specilie gravity about 1-014) yield 
1 litre of oxygen, which at N.T.I’, weighs 1-4200 gm., and since 17 gm. 
of peroxide arc equivalent to 8 gm. of oxygen, hydrogen |ieroxide by 
weight equivalent to 1-429 gm. of oxygen is 


’J X 1-420 3-0117 gm. 


Thence, 3-037 gm. of peroxide = 


3-037 

-00i7 


.^ 1787 C.c. 


"In permanganate. 


4 

Now, since 1787 ^ ^ = 1021, as .against 1000 c.c. of oxygen yielded by 100 

c.c. of “ 10 volume " peroxide, this factor may be used, to get “ volume ” 
strength when an approximate result is all that is required. It should 
be noted that for the B.P. test the gas sot free is to bo measured at 60’ 
F and normal pressure. 1000 c.c. of oxygen at N.T.P. become 1057 c.c. 
at 15-6° (!. and normal pressure 

Example : 10 c.c. iiero.xide diluted to lOO c.c. and 10 c.c. of this (= 
1 c.c. peroxide), pipetted into 30 c.c. dilute H.4SO4 (1 : .6), then titrated 
with "In pernianganato, of which 13-8 c.c. were required to give a per¬ 
manent pink tinge. 


13-8 X 


4 

7 


- 7'9, which is the “volume” strength required. 


Similarly, with the Kingzett Method, c.c. of "/m thiosulphate rei|uired by 
1 c.c. of peroxide multiplied by 0-66 gives “ volume ” strength. 

Carpenter and Nicholson' report a series of experiments on 
the analysis of hydrogen peroxide, both by the iodine and iiermanganato 
methods. 

The conclusion they arrive at is that the process of K i n gz e 11 is ac¬ 
curate, but in their hands somewhat tedious, owing to slow debompo.si- 


‘ Analyst, 1884, 9 , 36. 
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tion towards the end. Kingzotb, however, states that if a volume of 
strong sulphuric aei i equal to the peroxide tiken be used, and especially 
if thedihue solution be slightly warmed, the reaction is complete in a 
few minutes, and this is my own experience. 

A number of experiments have been made by 0. Smith* as to the 
value of titrimetric and gasometric methods of ascertaining the amount 
of oxygen in if it contains any preservative such as glycerin, boric 
acid, boroglycerin, salicylic acid, etc. The result was to show that the 
iodine and thiosulphate method gives accurate results with any of the 
preservatives tried, and in the presence of largo proportions of glycerin, 
whi'reas the permanganate methods both titrimetric and gasometric were 
valueless. 

'I'lie free acid in hy<irogen peroxide solutions can be determined with 
sufficient accuracy for all practical purposes l»y direid titration in the 
cold with '*/io caustic alkali, using pbenolphthalein as indicator.’* The 
sole source of error is that due to dissolved carbon dioxide. An advantage 
of the method is that acetanilide (often present as a preservative) does 
not interfere, since it is not hydrolysed by cM caustic alkali. 

Sodium Peroxide and Perborate. 

Na^Oa -=78. 

h Arch b u 1gives the results of some ox|)erimcnts on tlie deter¬ 
mination of the available oxygen in sodium peroxide, and found that a near 
approximation to the truth could be obtained by simple titration with 
permanganate, the peroxides (one or two decigrams) being added to cold 
water acidified with contained in a poretdain dish, and **/io t>or- 

manganate droj)pcd in with stirring until the colour became permanent; 
but a more exact method would be to add a known weight of the peroxide 
to an excess of **/io [»ermanganate, pn'viously mixed with dilute HaSO^, 
and titrate for the excess of permanganate with oxalic jwdd. A rc h - 
butt, however, prefers to use the nitrometer, and recommends the 
following procedure: aljout 0’25 gm. of the substanc(‘ is placed in the dry 
tube of the nitrometer Hask, and in the flask itself about 5 c.c. of water, 
containing in suspension a few milligrams of precipitated cobalt sesqui- 
oxide ; this latter reagent brings alxjut a rapid and complete decomposi¬ 
tion of the peroxide, the volume of oxygen evolved being the available 
oxygen in the sample. 

For sodium perborate and jicrliorate soap powders and the like H. 
Trickett* finds the iodimetric the most roliahle method, but in the 
case of soap powders the soap must bo previously nmiovcd. For direct 
application to perborates and soap powders, however, he suggests treat¬ 
ing with hypochlorite solution in a nitrometer and measuring the volume 
of the liberated oxygon. Being in alkaline solution the presence of car- 
bonates does not interfere. The results agree with those found by the 
iodimetric methoil. In the titration with permanganate, the best re¬ 
sults are obtained by ad<ling a slight excess of the perlwrate solution to 


> (\ A., im, 80,194. 
^ A iuUyst 1895, 20, 5. 


^ Hr0wn, Anit/if'il, 1910, 35, 497. 
* Ihid., 1920, 48,' 88. 
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:i definite volume of permanganate solution aeidifiod with sulphuric acid 
and titrating tln^ exctoss with permanganate. The titration should be 
(.■arriod out at 15^ to 20° C., and the acid concentration should be 5 per 
cent, of sulphuric aci<l on the total volume. 

PHOSPHORIC ACID AND PHOSPHATES. 

= 142*08. 

Till': determination of phosphoric acid volnmetrically may be made 
with more or l(‘Sf5 accuracy by a variety of processes, among which may 
be mentioiHMl that of M oli r as lead phosphate ; the indirect method as 
silver plios[)hato (tlie excess of silver being found by thiocyanate); by 
stainlard uranium nitrate or a<*etate ; l)y Pemberton’s method as 
phospho-molybdate ; or, when existing only as monocalcie plmspliate, by 
st;indard alkali, as i(‘eominon<Ied by Mollenda or Kmmerling. 
Th<*s(‘ jirociKses ;i.re mainly useful in tlie case of fertilizers, or the raw 
plmspliales from whi<*h m;i.nui*es are m!mafa<*tured, an«l for P.Pj in urine, 
I'or flio piir[)os<‘ nienlioiKMl, that is to say, when in combination 
with alknli or alkalin<‘earthy bases and moderate qimntities of iron or 
alumina, plios[)l)onc acid may l»e (letormine<l volnmetrically with very 
fair arenraov. and witli much ghaitcr ntpidity than by gravimetric means 
as usually carriod out. 

I. Precipitation as Uranium Phosphate in Acetic Acid Solution. 

This nu'thod is based on thelact that when ui’anium acetate or nitrate 
is added to a iieniral solution of tribasic phosphoric acid, sucli, for in¬ 
stance, as hOflium oftliopliospliate, the whole of the phosphoric acid is 
thrown down as yellow uranium phosphate Ur.jO.,, lV>.i + Aq. Should 
tli(‘ solution, lu)vvev«M*, contain free mineral acid, it must be neutralized 
with an alkali, and an alkaline acetate added, together with excess of free 
aeetic acid, fn case of using ammonia and ammonium acetate, the 
vvlioli' ol the [lllo^pllorh• iM-id is thrown <lown as double phosphate of 
uranium ami ii,mmonia, having a light lemon <*oi()ur, and the <*omposition 
Ur./); 2(Nlf,0), PJ)-, + Aq. When this precipitate is washed with hot 
water, dnod and ignited, iln^ ammonia is entirely dissipated leaving 
uranium phospliati*, which possesses the formula IIi'uO.i, P/b, and oon- 
tfiins in 100 pin ts 78*71 of uranium oxide and 21*20 of phosphoric acid. 
In the prcM'iiee of lixe<l alkalis, instead of ammonia, th(‘ precipitate con¬ 
sists simply of uranium phosphate. Jly this method pliosplu>ri«*acid may 
he compich'ly nunovial from all thcalkalis and alkaline earths ; also, with 
a slight inodi/ieation, from iron ; not, iiowever, satisfactorily from alumina 
when presmit in any (piantity. 

The (lolads of tlie gravimetric process were fully descrihtxi by me,^ and 
immediately after the publication of tiiat article, while employed in 
further investigation of the subject, I devised the volumetric inetliod now 
to he <Ics(M*il>e(l. Since tliat time it has come to my knowledge that 
Ncnhaiicr* and Pincus” had independently of each other and of 

* C'. A.jlSGO, 1, aj, 122, -Arcltiv./ur wmensduifUkhe Ifeilhiutle, 4 , 2*28, 

'^Joui-nal fui‘ PmkL dhm., 76, 104. 
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myself arrived at the same process. This is not to be wondered at, if it 
be considered how easy the step is from the ordinary determination by 
weight to that by measure, when the delicate reaction between uranium 
and-potassium ferrocyanide is known. Moreover, the great want of a 
really good volumetric process for phosphoric acid determination in place 
of those hitherto used has been felt by all wlio have had anything to do 
with the subject, and consequently the most would be made of any new 
method possessing so groat a claim to accurat^y as the gravimetric, deter¬ 
mination of phosphoric acid by uranium undoubtedly does. 

Conditions under which approximate accuracy may be ensured.— 
Objo(dioii8 have been urged, not without reason, that this process is inac¬ 
curate, because varying amounts of saline substances have an inlluence 
upon tlie production of colour with the indicator. Again, that very differ¬ 
ent shades of colour occur with lapse of time. This is all true, and the 
method is unfortunately one of that class which requires uniform condi¬ 
tions ; but when the source of irregularities is known, it is not ilifticult to 
obviates them. Therefore, it is absolutely essential that the standardizing 
of the uranium solution should be done under the same conditions as the 
analysis. For instance, a different volume of uranium solution will be 
requinnl to give the colour in the presence of salts of ammonia from that 
which would be necessary with the salts of the fixed alkalis or alkaline 
earths. But if the standard solution is purposely adjusted with ammonia 
salts present in about the same proportion, the difficulties are loss. 
Fortunately this can easily be done, and as the chief substances requiring 
analysis are more or less ammoniacal in their composition, such as urine, 
manures, etc , no practical difficulty need occur. 

PiXeessive quantities of alkaline or earthy salts modify the colour, but 
especially is it so with acetate or citrate of ammonia. P’or this reason it 
is necessary to ensure the comi)lete washing of the Mtroinagnesium pre¬ 
cipitate, where that method of separating PaO, is adopted previous to 
titration. With all my experience of this methotl I cannot contend that 
it is an absolutely accurate one, but it is nevertheless a very rapid and 
convenient one for manure manufacturers in testing snperpliosphates 
and other, phosphatic fertilizers. 

a. Determination of Phosphoric Acid In combination with Alkali Bases, 
or in presence of small quantities of Alkaline Earths. 

The necessary materials are— 

(«) A standard solution of uranium 1 c.c. = 0-005 gm. PjOs. 

(b) A standard solution of tribasic phosphoric acid. 

(c) A solution of sodium acetate in dilute acetic acid, made hy dis¬ 
solving 100 gm. of sodium acetate in water, adding 50 c.c. of glacial 
acetic acid, and diluting to I litre. Kxacb quantities are not necessary. 

(d) A freshly prepared solution of potassium ferrocyanide, or some 
ifinely powdered pure crystals of the same salt. 

Standard Solution of Uranium.—This solution may consist either of 
uranium nitrate or acetate.* An approximate solution is obtained by 

‘ 8ome operatorH object to the ii»e of acetate, the reason for which I cannot understand. 
It stands to reason that, as with the use of nitrate there has to be a considerable quantity 
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using about 35 gm. of either salt to the litre. In using uranium nitrate 
it is imperative that the sodium acetate should be added in order to 
avoid the possifde ociMtrrenco of free nitric acid in the solution. With 
acetate, however, it may be omitted at the discretion of the operator, 
but it is important that the method used in standardizing the uranium 
be invariably adhci'cd to in the actual analysis. The solution should be 
perfectly clear and free from basic salt. Whether made from acetate or 
nitrate, it is advisable to include about r>()e.c. of pure glacial acetic, or 
a corresponding quantity of weaker acid, to each litre of solution; ex- 
])Osnro to light has then less reducing action. 

My own practice is to use in all cases acetate solution, and dispense 
entirely with the addition of sodium acetate. 

3. Titration of the Uranium Solution. 

Standard Phosphoric Acid. -When tlu< uranium solution is not re¬ 
quired for phosphate of lime, it may 1 m; titrated upon ammonio-sodium 
phosjdiate (microeosmic salt) as follows: .5'8H gm. of the crystallized, 
nun-effiorescod salt (previously powdered and pressed ))etween bibulous 
paper to remove any adliering moisture) are weighed, dissolved in water, 
and diluted to 1 litre. 50 c.c. of this solution will represent 0*1 gm of 

Mmto]> OF PuocKDiiRK: .50 c.c. of this solution are measured into a 
small beaker, .5 c.c. sodium a(;etate solution added if uranium nitrate is 
to be used, and the mixture luxated to 9(P or KMP C. The uranium solu¬ 
tion is tlien delivered in from a burette, divided into A c.c., until a test 
taken shall show the slight predominance of uraniu.m. This is done by 
spreading a drop or two of the hot mixture upon a clean white level 
plate, and bringing in contaet with the middle of the dro|) a thin glass 
rod moistened with the freshly made solution of forrocyanide, or a dust 
of the powdered salt. The production of a faint brown tinge shows an 
excess of uranium, the slightest amount of which produces a brown 
precipitate of uranium ferrocyanido. 

A secoinl or third titration is tlicn made in the same way, so as to 
arrive at the exact strength of the uranium solution, which is then 
diluted and re-titrated, until exactly 20 c.c. are requircti to produce the 
necessary roaetion with 50 c.c. of pliosphate. 

Suppose 18-7 c.c. of the uranium solution iiave been required to pro¬ 
duce the colour with 50 c.c. of phosphate solution, then eviTy 18'7 c.c. 

of acotatf to prmiit tin- formation of freo HNO 3 , tlio same conditions practi- 

'•ally occ’ir as if uranium acetate wa.s ii.sed. The i-eal reason, 1 believe is, that it ia rather 
difficult to procure pure acetate. In the course of some thousands of titrations, I have 
lound no advantage in using nitrate, and acetate need.s lit) corrector to complicate the 
process as is the <-Aae witli nitrate. 

^W. B. Giles, who has hail groat experience in the determination of phosphoric acid 
in various forms, lias called my attention to dihydric potassium phosphate, Kllyl'O,, as an 
excellent form ot salt for a standard solution. The sample sent to me wa.s in beaiitifuny 
formed cry.stals which do not alter on exposure to the air, and makes a solution which 
keeps clear. Every one knows how unsatisfactory sodium phosphate is, both .as to its 
state of hydration and its keeping qualities in solution ; the microcosmic salt is better, but 
is open to objection on the score of indefinite hydration. If the potassium salt is used, a 
stendard solution of the proper strength is made by dissolving 3*833 gm. in a litre. 
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will havp to be diluted to 20 e.c. in order to ))e of the propc^r strenijth, or 
935 to 1000. After dilution, two or three fresh trials must he made to 
ensure accuracy. 

It is of considerable importance that tlie actual cxpnrimojit for 
determining phosphoric acid by means of the uranium solution should 
be made with about the same bulk of fluid that has been used in 
standardizing the solution, and the sanu; depth of colour airued at in 
each case. Hence tiie proportions lierc recommended liave lieen clioscn, 
so that 50 c.c. of liquid shall contain 01 gm. of PaO.v 

Standard Phosphoric Acid corresponding volume for volume with 
Standard Uranium.-- This solution is obtained by dissolving 14-720 gm. 
of mierocosmic salt in a litre, and is two and a half times the strength 
of the solution before described; it is used for residual titration in case 
the required volume of uranium is over-stepped in any giviui analysis. 

A little practice enables the operator to tell very <[iiickly the precise 
point; bnt it must bo rcMnembered that wlien the two drops are l>rought 
together for the production of the chocolate colour, liowever faint it 
seems at first, if left for some little time the colour imneasi's «-onsider- 
ahly ; Imt this has no effect upon the acciiracy of I he pria-ess, since the 
original standard of the solution has been liascsl on an ♦A'periment con¬ 
ducted in precisely the same way. 

Method op riiorEDiiia:: In determining unknown quantities of 
?.jOr, it is necessary to have an approximate knowledge of the amount 
in any given material, so as to fiillil us mairly as possible the conditions 
laid down above; that is to say, 50 c.c. of solution shall contain about 
O'l gm. or whatever other propoition may have been used in 

standardizing the uranium. 

The eomi>ound containing th<; P./)s to he determined is dissolved in 
water; if no ammonia is present, i c.c. of JO per cent, solution is 
dropped in and iicntralizird with tlie least possi)>lo ((uaniity of a<-etic 
acid (also 5 c.e. of sodium acetate if uranium nitrate has to he used), and 
the volume made up to about 50 c.c,, then heated to about 9t)' C. on the 
water-batli, and the uranium solution <!elivorod in cautiously, vvilli fre¬ 
quent testing as above described, until the faint lu’own tinge ap[)cars. 

The first trial will give roughly the amount of solution required and 
taking that as a guide, the operator can vary tlu^ amount of liquid for the 
final titration, should the proportions he found widely iliffering from 
those under which the strength of the uranium was originally fixed. 

Each c.e. of uranium solution O'hfffigm. ly)-,. 


4 . Determination of Phosphoric Acid in combination with Lime and 
Magnesia (Bones, Bone Ash, Soluble Phosphates, and other Phos- 
phatlc Materials free from Iron and Alumina). 

The procedure in tliese castes differs from the f jregoing in two res|)ects 
"only; that is to say, the uranium solution is [ireferahly standardized by 
tribasic calcium phosphate; and in the process of titration it is necessary 
to add nearly the full amount of uranium required before heating the 
mixture, so as to prevent the precipitation of calcium phosphate, which 
is apt to occur in acetic acid solution when heated; or the modification 
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adopted by F r o s c n i ii s, N e u b a u e r, and L u c k, may be used, which 
consi.sts in reversing tlie process by taking a measured volume of 
uranium, and delivering into it the solution of phospliate until .a drop of 
the mixture (teases to give a brown colour with terroeyanido. I’liis [jlan 
gives, however, much more trouble, and possesses no advantagi! on the 
score of accuracy, because in any <!ase at least two titrations must be 
performed, and the first being made somewhat roughly, in the onlinary 
way, shows within 1 or 2 c.c. the volume of stand,ird uranium raipiired ; 
and in tlie final trial it is only necessary to add at once nearly the full 
quantity, then heat the mixture, and finish the titration by adding a 
drop or tw'o of uranium at a time until the required colour is obtained. 

This reversed process is strongly advocated by many operatoi-s, but 
except in rare instances f fail to see its superiority to the,direct method 
for general use. The best modification to adojit in the reverse process 
is to USB invariably an excess of uranium, .and to titrate back with 
standard phos[)hate solution till the colour disajipears; this avoids all 
tlie troulile of preparing and cleaning a burette for the solution to lie 
analysed, and if a standard phosphate is made to correspond volume for 
volume with the uranium, an analysis may always be brought into order 
at any si age. 

Standard Calcium Pho.sphate. —It is not safe to depend upon the 
usual preparations of tricalcium phospliate by weigliing any given 
quantity direct, owing to uncertainty as to the stale in wliicli tlie 
phosphoric acid may exist; therefore, in order to titrate the uranium 
solution vvitli ealcinm phosphate, it is only iiKcessary to take ratlier more 
ttian .') gill, of precipitated pure tricalciiim jiliospliate such as is obtained 
in coniinerce, dissolve it in a slight excess of dilute liyilrocliloric acid, 
precipitate again witli a slight excess of ammonia, re-dissolve in a 
moderate exci'ss of acetic acid, tlien dilute to a litre; by this means is 
obtained a solution of acid nionocalciiim pliosphate, existing iiiuler the 
same conditions as in tlic actual analysis. In order to aseertain tlie 
exact amount of triliasic pliosphorie acid present in a given measure of 
this solution, two portions of 60 c.c. eacii are measured into two beakers, 
eacli holding about half a litre. A slight e.xecss of solution of uranium 
acetate or nitrate is tlicn added to each, togetlier with about 10 c.e. of 
the acetic solution of sodium acetate; tliey are then heated to actual 
boiling on a hot-plate or sand-bath, tlie beakers filled np with lioiling 
distilled water, and tlien sot aside to settle, whicli oi'ciirs very speedily. 
The supernatant fluid should tic faintly yellow from excess of uranium. 
When perfectly settled, the clear liquid is poured off as closely as [lossihle 
without disturliing the precipitate, and the beakers again filled up with 
boiling water. The same should be done a third time, wlien the pre¬ 
cipitates may be brought on two filters, and need very little further 
washing. 

Wlien the filtration is complete, tlie filters are dried and igniteil 
apart from the precipitate, taking care to burn off all earlion. Before 
being weighed, liowever, the uranium-phosphate must be moistened witli 
strong nitric acid, dried perfectly in tlie water-batli or oven, and again 
ignited ; at first very gently, then strongly, so as to leave a residue of a 
pure light lemon colour when cold. This is uranium phosphate UrjOj, 
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PjOfl, the percentage composition of which is 78‘71 of uranium oxide, 
and 21*29 of phosphoric acid. 

The two precii)itates arc accurately weiglied, and should agree to 
within a triHe. If tliey differ, the mean is taken to represent the 
amount of PaOj in the given <jua.ntity of trlealciurn phosphate, from 
which may be calculated the strength of the solution to be used as a 
standard. Of course any otiier accurate method of determining the 
PgOft may be used in j)lace of this. 

The actual standani required is 5 gm. of pure tricalciurn ])hosphate 
per litre; and it sliould be adjusted to this strength by dilution, after 
the actual strengtli has been found. In this way is obtained a standard 
which agrees exactly with tlie analysis of a superphosphate or other 
similar manure. 

Standard Uranium Solution. —This is b(*st adjusted to such strength 
that 25 e.c. are required to give the faint chocolate cohtur with ferro- 
cyanide, when 50 e.c. of tin* standard acetic solution of calcium phosphate 
are taken for titration. Working in this manner eacli c.c. of uranium 
solution represents 1 per cent, of soluble tricalcium phosphate^ when 
1 gm. of a fertilizer is taken for analysis, because 50 c.c. of tin* calcium 
phosphate will contain monocalcium phosphate eijual to 0-25 gm. of 
CagP-jO^ and will rccpiiro 25 c.c. of uranium solution to balance it. 

These standards are given avS convenient for fertiliz<‘rs, but they may 
be modificid to suit any particular purpose. 

The Method with Sdceuphosi'iiates free from Fe and Al, except 
IN MERE TRACES, is Rs follows: 10 gm. of the Kubstanco are weighed, 
placed in a small glass ?nortar and gently broken down by the pestle, 
cold water being used to bring it to a smooth cream. The material 
should hot lx* ground or rubbed hard, whit^h might cause the solution 
of some insoluble phosphate in the concentrated mixture. The creamy 
substance is washed gradually without loss into a measuring flask 
mark(«l at 50H-5 c.(i., the 3*5 c.c. being the space occupied by the insol¬ 
uble matters in an ordinary 25 to 30 per cent. supeiphosphat(‘. 'I'lie 
flask is filled to the mark with cold water, and shak<ni every lew minutes 
during about half an hour. A portion is tlum filtenxl through a dry 
filter into a dry beaker, and 50 c.c. (= J gm. of fertilizer) measured into 
a beaker holding about 100 c.c. Sulficient 10 per cent, ammonia is then 
added to precipitate the monoealciiim phosphate in the form of CXtf*aOg 
(in all ordinary superphosphates there is enough ('a present as sulphate 
to ensure this, and four or five drops of ammonia generally suffice to 
effect the precipitation). Acetic acid is then added in just sufliciont 
quantity to render the liquid clear. Should traces of gelatinous A 1 P 04 
or FePOi appear at this stage, the liquid will be slightly opalescent; but 
this may be disregarded if only slight, as the Hul)SO(|uent heating will 
enable the uranium to de compose it. If more than traces are present, 
the method will not be accurate, and recourse must be hatl to separation 
fey the citro-magnesium solution. 

While the liquid is still cold, a measured volume of tlje standard 
uranium is run in with stirring, and drops are occasionally taken out 
with a glass rod, and brought in contact with some ferrocyanide indicator 
spotted on a white plate until a faint colour apjiears. The beaker is then 
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placed in the water-bath for a few minutes, and the mixture ajjain tested 
with the indicator ; after heating in this way the testing ought to show 
no colour. More uranium is then added with stirring, and drop by drop 
till the proper reaction occurs. This titration is only a guide for a sis'ond, 
which may be made more accurate by running in at oticc very nearly 
the requisite volume of uranium. 

This operation may be reversed, it so desired, by making the clear 
solution of phosphate up to a detinite volume (say CO c.c.), and running 
it from a burette into a measured volume of uranium until a test taken 
shows no colour. 

5. Determination of Phosphoric Acid In Minerals or other materials 
containing Iron, Alumina, or other interfering substances. 

In order to make use of any volumetric, process for this purpose the 
phosphoric acid must be separated. As has berm already described, this ' 
may be done either as molybdenum phosphate followed bysolption in 
NHj, and again precipitated with ordinary magnesia mixture, or direct 
separation by the citro-magnesinm mixture dcscidbed below. In either' 
case the iimnionio-magnesium salt is di-ssolvcd in the least possible 
quantity of nitric or hydrochloric acid, neutralized witli ammonia, 
acidified with acetic acid, and the titration with uranium carried out as 
before described. 


6 . Pemberton’s Molybdic Method. 

This method' is one which re(|uires great delicacy of mani| illation, 
but give.s excellent results with all the alkali or alkaline earthy phos¬ 
phates. 

The method is as follows 

The solutions required are ;— 

Molybdate Solution.— Dissolve 100 gm. of molybdic acid in 144 c.c. 
of ammonia, sp, gr. 0'90, and 271 c.c. of water ; slowly, and with constant 
stirring, pour the solution thus obtained into 4S9 c.c. of nilric acid (sp. 
gr. 1-42), and 1140 c.c. of water. Keep the mixture in a warm [ilace for 
several days, or until a portion heated to 40“ C. deposits no yellow pre- 
oipitate of ammonium phosphomolybdate. Decant the solution from 
any sediment and preserve in glass-stoppered vessels. 

For use add to 100 c.c. of this solution 5 c.c. of nitric acid, sp. gr. I'42. 
Filter each time before using. 

Standard Potassium Hydroxide Solution.— This solution contains 
18'171 gm. of potassium hydroxide to the litre. It is prepared by diluting 
323'85 c.c. of normal potash (which has boon freed from carbonates by 
barium hydroxide) to 1 litre. 100 c.c. of the solution should neutralize 
32'38 c.c. of normal acid. One c.c. of this is equal to O'flOI gm. of F,0(, 
or 1 per cent, if O'l gm. of the substance is taken for analysis. Normal 
soda may be used instead of potash. 

Standard Nitric Acid Solution.— This solution should correspond in 


'J. A. a A, 1894, tt, 278. 


^BnUeliii No. 107, U.S. Dept. Agric. 



PHOSPHORIC ACID AND PHOSPHATES. 


314 
s 

strength to the standard alkali solution, or may be one half that strength. 
It is standardized by titratingagainst that solution, using phenolphthalein 
as indicator. Any mineral acid may be used. 

If a soluble phosphate is to he analysed, dissolve 1 gm. jn vv'ater and 
make up to 250 c.c. 25 c.c. of this solution, representing 0-1 gm. of the 
substance, is taken for analysis. If the phosphate is in an insoluble 
compound or organic substance, 2 gm. are treated by one of the methods 
given below. After solution, cool, dilute to 200 or 250 c.c., mix and pour 
on a dry filter. 

Total Phosphoric Add.— (a) Dissolve in 30 <5.c. of concentrated nitric 
ficid and a small quantity of hydrochloric acid and boil until organic 
matte?' is destroyed. 

{Ii) Evaporate with 5 c.c. of magnesium nitrate, ignite, and <lissolve 
in hydrochloric acid. 

(c) Add 30 0 . 0 . of cotic<mtratod hydrochloric acid, heat, and add 
cautiously, in small quantities at a time, about 0*5 gm. of finely pulver¬ 
ized potfissium chlorate to destroy organic matter. 

(d) Dissolve in from 15 to 30 c.e. of stronghydroehloric acid and from 
3 to 10 c.c. of nitric acid. This method is recommended for fertilizers 
containing much iron or aluminium phosphate. 

DETKRMiNATfOX.-— (1) Eor percentages of 5 or below use an aliquot 
volume corresponding to OAgm. of siibstaiu^e; for percentages between 5 
and 20 use a volume corresponding to 0-2 gm. of substance, and for per¬ 
centages above 20 use a volume corresponding to Ol gm. of substance. 
Add from 5 to 10 (i.c. of nitric acid, depending on the method of solution 
(or the ocpnvalent in ammonium nitrate), nearly neutralize with am¬ 
monia, dilut<i to from 75 to 100 (;,e., heat in water-bath to ()0''-05° 0., and 
for percentages below 5 add from 20 to 25 c.c. of freshly-filtered molybdate 
solution. For percentages between 5 and 20 add from 30 to 35e.c. of 
molybdate solution ; stir, let stand about 15 minutes, filter at onre, wash 
once or twice with water by decantation, using fi'om 25 to 30 c.e. eatdi 
time, agitating the precipitate thoroughly and allowing to settle ; transfer 
to filter and wash with cold water until two fillings of the filter do not 
greatly diminish the colour produced with phenolphthalein by one drop 
of the standard alkali. Transfer proidpitato and filter to beaker or pre¬ 
cipitating vessel, dissolve in small excess of standard alkali, add a few 
drops of phenophthalein solution, and titrate with standard acid. 

(2) Proceed asdire<tted in (1), with this exception: Heat in a waier- 
hath at 45” to 50” C., add the molybdate solution, and allow to remain 
in the hath with occasional stirring for 30 minutes. 

(3) T’roceed as in (1) to the point where the solution is rtiady to place 
in the water-bath. Then cool solution to room tompc^ratui'e, add molyb¬ 
date solution at the rate of 75 c.c. for each OT gm. of phosphoric acid 
present, place the stoppered flask containing the solution in a shaking 
apparatus and shake for 30 minutes at room temperature, filter at once, 
.'.wash, and titrate as in pieceding method. 

Water-soluble Phosphoric Add.— Place 2 gm. of the sample on a 
9-cm. filter, wash with successive small portions of water, allowing each 
portion to pass through before adding more, until the filtrate measures 
about 250 c.c, If the filtrate be turbid, add a little nitric acid. Makeup 
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to any convenient definite volume, mix well, use an ali(iuot poi’tion of 
the solution (-.orresponding to 0*2 or 0'4 gm., add 10 o.c. of concentrated 
nitric acid and ammonia until a slight permanent precipitate is formed, 
dilute to 60 c.c., and proceed as under the preceding metliod (1). 

Citrate-insoluble Phosphoric Acid. —Make the solution according to 
the directions given before and determine the phofii)horic acid in an 
alicpiot volume corresponding to 0-4 gm., as directed for total phosphates. 

Determination in Acidulated Samples.— Heat 100 c.c. of strictly 
neutral ammonium citrate solution of l-OO sp. gr. to 05® C. in a flask 
placed in a warm water-bath, keeping the flask loosely stoppered to pre¬ 
vent evaporation. When the citrate solution in the flask has reached 
65® C. drop into it the Alter containing the washed residue from tlm 
wutcr-solnhle phosphate determination, close tightly with a smooth 
rui>her stoi)per, and shake violently until the Alter paper is reduced to a 
pulp. Place the Hask in the bath and maintain it at sucli a temperature 
that tlie contents of the flask will stand at exactly 65® 0. Shake the’ 
flask every 5 minutes. 

At the expiration of exa^AIy AO minutes from the time the Alter 
M,nd residue are introduced, remove tlie flask from the bath and im¬ 
mediately Alter the contents as rapidly as possihh?; wash thoroughly 
with water at 65® C. Then proceed as under (((,) oi* (/>). 

(a) Transfer tin; filter and its contents to a crucible, ignite until all 
organic matter is destroyed, add from 10 to 15 e.c. of strong hydrochloric 
acid, and dig(ist until all phosphab; is dissolved, or (/>) return the Alter 
with contents to digestion Aask, add from AO to A5c.c. of strong nitric 
acid, and from 5 to 10 tw.. of strong hydrochloric acid, and boil until all 
pliosphate is dissolved. Dilute to 200 mix well, and passthrough 
a dry Altm-. Taki^ a deAnite portion of the filtrate and proceed asunder 
total pliospliorii' arid. 

Determination in Non-acidulated Samples. —Tn'at 2gm. of the phos- 
plmtic material without previous washing with water, precisely in the 
way ai)ove described, excrept tliat in (aise the sul.>stain;e contains 
miK-li animal matb'r (hone, Ash, eW..), the residue, insoluhle in am¬ 
monium citrate, is to he dissolved by the ti’oatmeiit d(‘scribed under (5), 
or by digestion wdfdi ooncentnitcd sulphuric aci<l in tlie |)iesencc of a 
small quantity of sodium or potassium nitrate. 

Citrate-soluble Phosphoric Acid. —The sum of the water-soluble and 
citrate-insoluble subtracted from the total phosphoric acid, gives the 
citrate-soluble phosphoric acid. 

Kichardson' states that when phosphori<'. acid is determined in 
acid phosphate by the Pemberton volumetric method or its u.sual 
modiAcations. the results do not agree with those ofitained gravimetric- 
ally by the A. O. A. 0. method, and the error frequently amounts to 
- 1 - I per cent. PjDr. 

The disturbing suhstam^c is probably sulphuric acid, and if this be 
removed by barium chloride, the volumetric metliod may be applied and 
accurate results obtained. 

Richardson recommends the following procedure:— 

D/. .1. C. S., 1907, 29, 1314, anil Sob impf, “ VclHmrfrir Aiiid;/si.s," p. 320. 
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Weigh 2 gm. into a 260 c.c. flask, digest by boiling with c.c. of con¬ 
centrated nitric jicid and 5 c.c. concentrated hydrochloric acid, then add 
10 c.c. water and boil for 6 minutes. Add 25 to 30 c.c. of 10 per cent, 
barium chloride, cool, and make up to volume. Filter through a dry 
filter, rejecting the first portion of the filtrate, and take 25 c.c. for the 
determination. From this point on follow the Fomberton Method as 
above. 

Determination of Phosphoric Acid In any Form In Food-stuffs.— 

Neumann’s method, as modified by ? 1 i m m c r and B a y 1 i s s,‘ is 
considered hy Dr. M o n i e r - W i 11 i a m s to ho by far the most accurate 
and (expeditious for this purpose. The method has been described by 
Dr. M 0 n i e r - W i 11 i a m s as follows 

A weighed quantity of the substance, which should contain not more 
than 25 mgm. of phosphoric anhydride (ToOs), is treatcid in a round- 
l>ottom<‘d Jena flask of about 1 litre capacity with 5 c.c. comrentrahvi 
sulphurio acid and an excess of strong HNO., (1'40 sp. gr.). With some 
substances the action takes place at onct; witlj copious evolution of wA 
fumes, and n\ay he moderated by addition of wat(jr. 

The contents of the flask arc strongly heated over a fr(ic flame, with 
constant shaking and repeated additions of small quantiti(^s of nitric 
acid, until a clear liquid is obtained which does not darken on further 
heating. This operation lasts about 10 to 15 minutes. The liquid is 
then treated with 70 c.c. of water and 25 c.(5. of 50 per cent, ammonium 
nitrate solution, warmed to about 80° C., and the phos|)hori(t acid pre¬ 
cipitated with 25 to 30 (M*. of 10 per cent, ammonium molybdate solu¬ 
tion. 

The mixture is thoroughly shaken and cooled, and the precipitate 
filtered off by sm^tiou through asbestos on a Gooch crucible. It is 
washed several times with cold distilled water until free from acid, and 
then transferred together with the asbestos to a conical flask, with a 
small quantity of distilled water. ^1% NaOH is added from a burette in 
quantity more than sufficient to dissolve the prccipitah^ the liquid is 
boiled until all the ammonia has been driven off, cooled, and titrated 
back with H-jSOj and phoriolphthalein. 

1 c.c. *^/2 NaGH = 0*001268 gm. 

He had used this method for a great many determinations of PjOs in 
flour, and had found it to he quicker and more accurate than the gravi¬ 
metric methods, while there could be no formation of nieta- or pyro¬ 
phosphate. It was, also, in his opinion, much better than the Cari us 
method, and as far as he could see, could he used for the determination 
of TV)ft in any form, organic or inorganic. 

7 . Determination of Phosphoric Acid by Silver Nitrate (H o 11 e m a n).^ 

, J. M. Wilkie* has modified Holleman’s method, in which 
phosphoric acid or an alkali-metal phosphate is converted to the di-alkali 

' J. of Physiology, 1906, 33, 439. ^ 1911, 36, 682, 

3^ a. a, 1895.84,86, and /. K C. /., 1894, 18, 768 and 848. 

U. S. <!. /,, 1910, 29, 794, 
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metal salt by means of caustic soda, the silver phosphate precipitated in 
presence of sodium acetate, and the residual silver determined in the 
filtrate by Volhard’s method. This method usually gives high re¬ 
sults, but the following mode of operating gives accurate nwults 

I’henolphthalein is added to the solution containing the [ihosphate, 
then strong caustic soda till the liquid is just pink, when the colour is 
discharged by dilute nitric acid, added drop by drop. In presence of 
calcium the precipitated phosphat(! is the best indicator, nitric aci<l Iwing 
added until the precipitate is just dissolved. Excess of silver solution 
is next added, followed by 10 c.c. of approximately "/m sodium acetate; 
then approximately "/u caustic soda is run in, while shaking, till the 
liquid is faintly alkaline to phenophthalein. Two c.c. of "/u sulphuric 
acid are added to this solution, which is diluted to 150 c.c., mixed, 
filtered, and the, silver in the solution dcsterniined by Volhard’s 
method. The method is not available in the presence of appreciable 
amounts of aluminium or iron. Chlorides must b(! allovveil for, but may 
be got rid of by adding excess of sulphuric acid to the phosphate solu¬ 
tion aTid evaporating at 100° C. The determination is ma.de as above, 
after addition of nitric acid. 

According to .1. Rosin' the rcaittion proceeds thus: - 

;!Na,HPO, + OAgNO,, 2Ag;,PO, + ONaNO., + ll,,P(h. 

After addition of silver nitrate and shaking thoroughly, In^ neutralizes 
with zinc oxide. 

8 . Other Volumetric Methods for the Determination of Phosphoric 
Acid. 

Several methods depending n|)on alkalimetry have been suggested, 
but beyond those quoted under Phosphoric Acid, p. 120, I have found 
none easy or reliable! in pra,ctice. 

A. G r 0 1 e - titrates phosphoric a(!id in acid solution with alkaline molybdate 
solution m the presence of glue. It is claiinod that this method has been 
tboroughly tested m practice since 1H8H, and that 20 detcrnmmtions can be mode 
in an hour, with results equal m accuracy to those obtained by the gravimetric 
process. 

Two iodiractric methods described depend upon the interaction of standard 
sodium liypobroinite solution in the prosenco of potassium iodide ff) with am¬ 
monium pbospbo-molybdate (P. A r t m a ii n) ■' and (2) witti aiiiiiioiiimn magnesium 
pbosptiate (K. Brandis).^ 

9 . lodimetrlc Determination of Phosphites and Hypophosphites 
(Boyer and B au z 11)." 

The method is based on the fact that hypophosphorous acid is oxidized 
by iodine in acid solution to phosphorous acid and no further, but in 

' / .f. f. S., 1911, 3J, 1099 {Abs/,-. 1911, 3S, 472|. 

* llrr., 1909, M, 3106, and S. V. /., 1909, 28, 110,0. 

' X. II <!., 1910, M, 1, and ./. S. C. /., 1910, 22, 45.0. 

* X. It. V., 1910, 42, 162, and ./. .S’. (', /., 1910, 22, 4.0,5. 

“ J. Plutrm. (Jhim., 1918, IS, 321. 
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the presence of an alkali (sodium bicarbonate) the oxidation proceeds to 
phosphoric acid. 

flypophosphites.—10 c.c. of the solution containin'; 0*1 gm. of the 
hypophospiiite are treated in a stoppered flask with 10 c.c. of 25 per cent. 
sulphui’i(' aci<l and flO c.c. of *^'10 iodine solution, the mixture allowed to 
stand in the dark for 10 hours, and the ex(tess of iodine then titrated 
with “'/'lo thiosulphate solution. 1 c.c. **/io iodine - O'OOliflgm. HI‘(OH). 4 . 

Phosphites.- 10 i;.c. of the solution containing about 0*1 gin. of the 
salt are treated with 10 c.c. of 5 per cent, sodium bicarbonate solution 
and 20 c.c. of *"10 iodine solution. After two hours 10 c.c. of 10 per cent, 
acetic acid are added, and the excess iodine titrated. 1 c.c. ”/io iodine 
= 0-0041 gin. HgPHOj. The method may bo applied to mixtures of the 
two salts. 

SELENIUM. 

So = 79*2. 

Tiik ‘most accurate result»i in the determination of selenious acid are 
obtained when the substance is <(htilled with hydroiddoric acid and an 
excess of poUssium iodide (four times the quantity required by theory), 
and the liberated iodine tii<‘n titrated both in the receiver and in the 
residue. The indirect iodimetric method of Uooch and Piin-ce, in 
which the selenious acid is heated with a known excess of potassium 
iodide in the prosence of [)otassium hydrogen arsenate and sulphuric 
acid, and the arsenious aiad formed then titrateil with iodine solution 
after neutralization, also gives accurate results if carried out as a dis¬ 
tillation process. 

In the oxidation of selenious acid by pormangauate in alkaline solu¬ 
tion, there is always some loss of oxygen when tlie hot mixture is acidi¬ 
fied previous to the titration of the excess of permanganate. The results, 
therefore, are inaeimrate. 

Wlien selenious acid is titrativl with titanium trichloride solution, 
hydrogen selonide is formed, and consequently tliis method is unsatis¬ 
factory. 

The licst method for the determination of .v/eu/c arid consists in re¬ 
duction with hydriodic acid. 100 c.c. of the solution are tnsated with 
10 c.c, of strong hydrochloric acid and an excess of potassium iodide 
(5 gm, for each 0-1 gm. selenium), the mixture distilled in a current of 
OOg, and tin* iodine titrated in both the receiver and the n'sidiie.' 

SILVER. 

Ag - 107*88. 

1 c.c. 10 sodium cliloridc 0*010788 gm. silver. 

„ „ = 0*016989 gin, silver nitrate. 

I. Precipitation with % Sodium Chloride (Gay-Lussac). 

The determination of silver is precisely the converse of the operations 
described under Olilorine (p. 183), and the process may either lie con- 

* M 03U 1- uiid Vi'iuz, a. t'., 191S, 57, 277. 
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eluded by adding the siidium chloride till no further precipitate is pro¬ 
duced, or potassium chromate may bo used as an indicator. In the 
latter case, however, it is advisable to add the salt solution in excess, 
then a drop or two of chromate, and titrate residually with silver, 
till the red colour is produced, for the excess of sodium chloride. 

' 3. By Ammanium Thiocyanate. 

The principle of this method is fully described on p. 150, et saj., and 
need not further be alluded to here. The author of the method 
(V 0 1 h a r d) states that comparative tests made by this method and by 
that of fi a y - L u s s ac gave equally exact results, both being controlled 
by culMdIation, but claims for this process that the end of the reaction is 
more easily distinguished, and that there is no labour of shaking, or 
danger of decomposition by light, as in the case of chloride. My own 
experience fully contirms this. The method is now adopted largely in 
place of (i a y - L u .s s a c ’ 3 for silver assays. 

3. Determination of Silver, In Ores and Alloy.s, by Starch Iodide 
(Method of PIsanI and F. Field). 

If a solution of blue starch iodide be added to a neutral solution of 
silver nitrate, while any of the latter is in excess the blue colour dis¬ 
appears, the iodine entering into combination with the silver; as soon 
as all the silver is thus saturated, the blue colour remains permanent, 
and marks the end of the process. The reaction is very delicate, and 
the process is more especially applicable to the analysis of ores and alloys 
of silvisr containing lead and copper, but not mercury, tin, iron, man¬ 
ganese, antimony, arsenic, or gold in solution. 

The solution of starch iodide, devised by Pisa n i, is made by rubbing 
togrithor in a mortar 2 gni. of iodine with 15 gm. of starch and about 6 
or 8 drops of water, putting the moist mixture into a stoppered flask, 
and digesting in a water-bath for about an hour, or until it has assumed 
a dark bluish-grey colour ; water is then added till all is ilissolved. 
The strength of the solution is then ascertained by titrating it with 10 c.c. 
of a solution of silver containing 1 gm. in the litre, to which a portion of 
pure precipitated calcium carbonate is added ; the addition of this latter 
removes all excess of acid, and at the same time enables the operator to 
distinguish the end of the reaction more accurately. The starch iodide 
solution should be of such a strength that about 50 c.c. arc required tor 
10 c.c. of the silver solution (= 0 01 gm. silver). 

K. F.ield,' who discovered the principle of this method simultane¬ 
ously with P i Ban i, used a solution of io<line in potassium iodide with 
starch. Those who desire to make use of this plan can use the "/k, and 
"/loo solutions of iodine described on p. 136. 

In the analysis of silver containing copper, the solution mu.st be con¬ 
siderably diluted in order to weaken the colour of the copper; a small 
measured portion is then taken, calcium carbonate added, .and starch 
iodide till the colour is permanent. It is best to operate with from 60 
to 100 C.C., containing not more than 0’02 gm. silver ; when the quantity 

>a A., 1860, a, 17. 
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is much greater than this^ it is preferable to precipitate the greater por¬ 
tion with "/lo sodium chloride, and to complete with starch iodide after 
filtering oft the chloride. When lead is present with silver in the nitric 
acid solution, aild sulphuric acid, and filter off the lead sulphate, then 
add calcium carbonate to neutralize excess of acid, filter again it neces¬ 
sary, then adil fresh carbonate and titrate as described above. 

4 . Assay of Commercial Silver (Plate, Bullion, Coin, etc.). Q a y. 

L u s s a c ’ s Method modified by J. Q. M u I d e r. 

For more than thirty years Gay-L u ssac’s method of determin¬ 
ing silver in its alloys has been practised intact, at all the European 
mints, under the name of the “ humid method,” in place of the old 
system of cnpcllation. During that time it has been regarded as one of 
tile most exact methods of quantitative analysis. The exhaustive re¬ 
searches of Mulder, liowcver, have shown that it is capable of even 
greatei’ aecur.acy than has hitlierto been supposed. 

The principle of the process is the same as described on p. 141, de¬ 
pending on the affinity which chlorine has for silver in preference to all 
other substances, and resulting in the formation of silver chloride, a 
compound insoluble in dilute acids, and which readily scjiarates itself 
from the liquid in which it is suspendeii. 

The plan originally deviseil by tlie illustrious inventor of tlie process 
for assaying silver, whicli is still followed, is to consider the weight of 
alloy taken for examination to consist of 1000 parts, and tlie question is 
to find how many of these parts are pure silver. This empirical system 
was arranged for the convenience of commerce, and being now thoroughly 
established, it is tlie best plan of procedure, if, therefore, a standard 
solution of salt be made of sueli strength that 100 c.c. will exactly pre¬ 
cipitate I gm. of silver, it is manifest that each c.c. will precipitate 
I mgin. or part of the gram taken ; and consequently in the 
analysis of I gm. of any alloy containing silver, the number of c.c. 
reipiired to precipitate all the silver out of it would be the number of 
thousandths of pure silver contained in the specimen. 

In practice, however, it would not do to follow this plan precisely, 
inasmuch as neither the measurement of tho standard solution nor the 
ending of the process would be gained in the most exact manner ; con¬ 
sequently, a decimal solution of salt, one-tenth the strength of the 
standard solution, is prepared, so that 1000 c.c. will exactly precipitate 
1 gm. of silver, and, therefore, 1 c.c. 1 mgm. 

The silver alloy to be examined (the composition of wiiicli must bo 
approximately known) is weighed so that about 1 gm. of pure silver is 
present: it is then dissolved in pure nitric acid by the aid of a gentle 
heat, and 100 c.c. of standard solution of salt added from a pipette in 
order to precipitate exactly 1 gm. of silver; the bottle containing the 
"mixture is then well shaken until the silver chloride has curdled, leaving 
the liquid clear. 

Tlie question is now : Which is in excess, salt or silver ? A drop of 
decimal salt solution is added, and if a precipitate be produced 1 c.c. is 
delivered in, and after clearing, another, and so oq as long as a precipi- 
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tate is produced. If on the other hand, the one drop of salt produced no 
precipitate, showintj tliat tlio pure silver present was less than 1 {'ll!., a 
decimal solution of silver is used, prepared by dissolviii},' I jrm, pure 
silver in pure nitric acid and diluting to 1 litn;. Tliis solution is added 
after the same manner as the salt solution just d(^s(U'ibed, until no 
further precipitate appears ; in either case the quantity of decimal solu¬ 
tion used is noted, and t!ie results ciilculated in thousandths for 1 gm. of 
the ailov. 

The process thus shortly described is that originally ilcvised by G ay - 
Lussac, and it was taken for granted that, when eijuivalent clKunical 
proportions of silver and soilium chiorkie were brought thus in contact, 
every trace of the metal was precipitateil from the solution, leaving 
sodium nitrate and free nitric, aeid only in solution. 'I’hc rosi-arches of 
M u 1 der, liowc.ver, go to prove that this is not strictly the c.im^, 1)uI that 
when the most exact chemical pntportions of silver and Salt are made to 
react on each other, and the chloride h is subsided, a few more drops of * 
either salt or silver solution will produce a further precipitate, indieat- 
in'j the presonee of both silver nitrate and sodium chloride in a st ito of 
equililu'ium, vvhi-h is ap>et on the addition of eiilxu' salt, or silvtu’. 

M u I d e r deci les, and no d<iiih(, right I v, th it thi' p(' u iintv owiii z lo 
the jirescncc of dium niirate, and varies somow.iat wiili ilie .(Mipera- 
ture and state of dilution of tlie iKiuid. 

It therefore follows that wIkmi a Mlver solution is<‘arefullv precipit ite<l, 
first by eonemitrated and tlam liy dilute salt solution, until no fuiilicr 
precipitab; appears, the clear Inpiid will at this point give a pro ipiLale 
with dilute Sliver solution . and if it be adde i till no tiirtli n- |•loll(ilness 
is produced, it will again be precipit ibh* by diluie salt s iluiion. 

Example : Surjiose that in a go on silver analysis the doeunal sail soliiti n has 
boon added sf) long as a precipitalo is pr id iced, and that I oc. {- 20d.o|)s<il 
Mulder’s dropping apparatus) of do d trial silver is in itnn roqnir.'d to prccip tate 
the apparent excess, it would bo found tliat when ihis had be rj done, I c. -. moie 
of salt solution would be wanted to reaeli the point at winch no finthcr uloiidiness 
is produced by it, and so the changes inig it he rung time after tune , if. however, 
instead of the last 1 c.c. ( -- 20 drops) of salt, lialf lln‘ qnaniity hi' added, ihat is, 
to say 10 driqw (— A c.c.), M u I d or ’ s so called neutral point is naichcd ; namely, 
that m which, if the liquid be divided m hall, both salt and silvei will produce 
the same amount of precipitate. At this stage the solution contains silver chloride 
dissolved in sodium nitrate, and the addition of either salt or silver expels it from 
solution. 

A silver analysis may Ihentfnrc Im concluded in Uiroc. ways— 

(1) By adding decimal salt solution until it just ceases to produce a 
cloudiness. 

(2) By adding a slight excess of salt, and then decimal silver till no 
more precipitate appears. 

(3) By finding the neutral point. 

According to Mulder the latter is the only correct method, and 
priiserves its accuracy at all temperatures up to 5(r 0. 13!r Falir.), 

while tlie difference between 1 and 3 amounts to ^ a mgm , and tliat 
between 1 and 2 to 1 mgm. on Igm. of silverat IG" C. (- 00’8' Fahr.), and 
is seriously increased by vai’iation of temperature. 

21 
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It will readily bo seen that niucli more trouble and care ie required 
by M u 1 d 0 r ’ s method than by that of Gay-Lussac, but as a com¬ 
pensation, much jfroator accMinioy is obtained. 

On tlie whole; it appears to me preferable to weigh tlie alloy so tliat 
slightly more than 1 gm. of silver is present, and to choose the ending 
No. 1, adding drop by drop the decimal salt solution until just a trace 
of the precipitate is seen, and which, after some practice, is known by 
the operator to be final. It will be foumi that the quantity of salt solu¬ 
tion used will slightly cx(;eed that required l)y chemical computation ; 
say lOO'l e.c. are found e(pial to 1 gm. of sdver, the operator has only to 
calculate that quantity of the salt solution in question for every 1 gm. of 
silv(‘r he assays in the form of alloy, and the error produced hy the solu¬ 
bility of silver chloride in sodium nitrate is removed. 

If the decimal solution has l)cen cautiously ad<ied, and the tempera¬ 
ture not higher than 17" 0. (02" Fahr.), this method of (conclusion is as 
reliable as No. li, and free from the jwssihio errors of c.xjmrimeut; for 
it reqiii?‘es a great expcMidilure of time and patience to rev<;rsi! an assay 
two or three times, caeh time cautiously adding the solutions drop by 
drop, then shaking and waiting for tlie liquid to clear, besides the risk of 
discolouring the silver chloride, which would at once vitiate the results. 

The decimal silver solution, acicordmg to this arrangenumt, would 
seldom he re<{uired ; if the salt has heeu incautiously added, or the 
quantity of alloy too little to contain 1 gm. imre silver, then it is best to 
add once for all 2, 3, or fxc.c., according to circumstances, and finish with 
decimal salt as No. 1, deducting the silver added. 

The Standard Solutions and Apparatus. 

(а) Standard Salt Solution. —I’uro sodiimn chloride is readily jairchased. 
It is made by passing HCl gas into a strong solution of coninioii salt, when pure 
sodium ehlonde crysLallizoa out. The crystals are slightly washed with cold 
water, dried, and lieated to dull redness. Wlicn cold, 5'llt) gm. aic weighed 
and dissolved in I litre of distilled water at 15'^ G. 100 c.c. of this solution will 
precipitate exactly 1 gm. of silver. It is preserved in a well-stoppered hottbi, and 
shaken b(>fore use. 

(б) Decimal Salt Solution. —100 c.c. of the above solution arc diluted to 
exactly I litre with distilled water at 15® C. 1 c.c. will precipitate O'OOl gm. of 
silver. 

(c) Decimal Silver Solution. —Pure metallic silver is best prepared by gal¬ 
vanic action from pure chloride; and as cloau and safe a method as any is to 
wrap a lump of clean zinc, into which a silver wire is melted, with a piece of 
wetted bladder or calico, so as to keep any particles of impurity contained in 
the zinc from tlie silver. The chlondi! is placed at the bottom of a porcelain dish, 
covered with dilute sulphuric acid, and the zinc laid in tlio middle; the silver 
wire is bent over so as to bo immersed in the chloride. As soon the acid be- 
gin.s to act upon the zinc the reduction of the chloride commences, and proceeds 
gradually throughout tlie mass; the resulting finely-divided silver is well-washed, 
" first with dilute acid, then with hot water, till all acid and soluble zinc salts are 
removed. 

The moist metal is then mixed with a little sodium carbonate, saltpetre, and 
borax, say about an eighth part of each, dried perfectly, then melted. Mulder 
recoinuicnds that tlio melting should be dune in a porcelain crucible immersed in 
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sand contained in a common earthen crucible; bomx is sprinkled over the surface 
of the sand so that it may be somewhat vitrified, that iu pouring out the silver 
when melted no particles of dirt or sand may fall into it. If the quantity of metal 
be small it may be melted in a porcelain crucible over a gas blowpipe. 

The molten metal obtained in citlier case can be poured into cold water and 
so granulated, or upon a slab of pipe clay, into which a glass plate lias been 
pressed when soft so as to form a shallow mould. The metal is then washed well 
with boiling water to remove accidental surface impurities, and rolled into thin 
strips by a goldsmith’s mill, in order that it may readily l>e cut for weighing. The 
granulated metal is, of course, ready for use at once without any rolling. 

I gin. of this silver is dissolved in pure dilute nitric acid, and diluted to 1 
litre; each c.c. contains O'OOl gm. of silver. It should be kept from the light. 

(d) Dropping Apparatus for Concluding the Assay.- -Mulder con¬ 
structs a, spooial apparatus for this purpose consisting oi a pear-shaped vessel 
fixed in a stand, with special arrangements for proveiiting any eontinned flow of 
liquid. Tlio delivery tube has au opening of such size tliat 20 drops measure 
exactly 1 c.c. The vessel itself is not graduated. As this arrangement is of moro 
service in assay tlian in general laboratories, it need not be further described here. 
A small burette divided iu -,i, c.c. with a convenient dropping tube itiU answer 
every purpose, and possesses the further advantage of recording the actual volume 
of finid delivered, 

Tlio 100 c.e. pipette, for delivering the concentrated salt solution, must be 
accurately graduated, and should deliver exactly 100 gm. of distilled water at 
16" C. 

The tost bottles, holding about 200 c.c., should have their stoppers well ground 
and brought to a point, and should bo fitted into japanned tin tubes reaching as 
higli as tlie neck, so as to preservo the precipitated cliloride from the action of 
light, and, wlien shaken, a piece of black cloth should he placed overthc stopper. 

{«) Titration of the Standard Sait Soiution.— From what has pre¬ 
viously been stated as to the priuciplo of this method, it will be, soon that it is 
not possible to rely absolutely upon a standard solution of salt containing 5’419 
gm. per litre, althougli tliis is ciiemically correct in its strength. Tlie real work¬ 
ing value must he found by experiment. Prom 1-002 to 1-001 gm. of absolutely 
pure silver is weighed on the assay balance, put into a test bottle with about 5 c.c. 
of pure nitric a -id of about 1-2 sp. gr., gently heated in the water or sand hatli till 
it is all dissolved. The nitrous vapours are thou blown from the bottle, and it is 
set aside to cool down to about 10" 0. or (k)" Fahr. 

The 100 c.c. pipette, wliich should bo securely fixed iu a support, is tlioii care¬ 
fully filled with the salt solution, and delivered into the test bottle contained in 
its case, the moistened stopper inserted, covered over with tlie black velvet or cloth, 
and shaken continuously till the cliloride has clotted and tlie liquid become clear; 
the stopper is thou sliglitly lifted, and its point touched against the neck of the 
bottle to remove excess of liquid, again inserted, and any particles of chloride 
washed down from tlie top of tlio bottle by carefully shaking the clear liquid over 
them. The bottle is then brought under the decimal salt burette, and J c.c. added, 
the mixt-ire sliakon, cleared, another J c.c. pul in and tlio bottle lifted partly out 
of its case to see if the precipitate is considerable ; lastly, 2 or 3 drops only of the 
solution are added at a time until no further opacity is produced by the final drop. 
Suppose, for instance, that in titrating the salt solution it is found that 1-003 gm. 
of silver require 100 c.c. concentrated, and 4 c.c. decimal solution, altogether equal 
to 100-4 c.c. concentrated, then— 


1-003 silver ; 1-000 : ; 100-1 salt : x. x = 100-0il99. 
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The result is within of 100*1, which is near enough for the purpose, and 
may be more conveniently used. The operator therefore knows that 100*1 c.c. of 
the concentrated salt solution at 15'’ C. will exactly precipitate 1 gin. silver, and 
in his examination of alloys calculates accordingly. 

In the assay of coin and plate of tlic English standard, namely, 11*1 silver and 
0*9 copper, the weight corresponding to 1 gm. of silver is 1*081 gm. therefore in 
examining tliis alloy 1*085 gm, may be weighed. 

When the quantity of silver is not approximately known, a preliminary 
analysis is necessary, which is best made by dis.solving .4 or 1 gm. of the alloy in 
nitric acid, and precipitating very carefully with the concentrated salt solution 
from a c.c. burette. Suppose that in this manner 1 gm. of alloy required 
45 c.c. salt solution, 

salt salt silver silver 

100*1 ; 45 : : 1 : ,i: 

a: = 0*4495 

And 0*4495 : 1*003 : : 1 : ,r 
.r ^ ii*231. 

2-231 g/n. of this particular alloy are therefore taken for the assay. 

Where alloys of silver contain sulphur or gold, with small quantities of tin, 
lead, or antimony, they aro first treated with a .small quantity of nitric acid so 
long as red vapours are disengaged, then boiled witli concentrated sulphuric acid 
till the gold has become compact, set aside to cool, diluted with water, and titrated 
as above. 

SULPHUR. 

s - :i2*oo. 

Determination In Pyrites, Ores, Residues, etc. 
i. Alkalimetric Method (Pelouze). 

This process, designed fortlie ra.pid detennination of siilpinirin iron 
and copper pyrites, ha.s liitherfco been thought tolerably aeeiiratc, hut 
experience has shown that it cannot l>o rolieil upon e\c(‘|)l for rough 
technical purposes. 

The proeess is based on the facd that when a sulpliide is ignited with 
potassium chlorate and sodium carbonate the sulphur is converted 
entirely into sulphuric; acid, which expels its equivalent proportion of 
carbonic acid from tlie.soda, forming neutral sodium sulphate; if, tlicre- 
foi'e, an accurately weighed quantity of the substance be fused with a 
known weight of pure sodium carbonate in excess, and the resulting 
mass titrated with normal acid in order to find the quantity of unaltered 
carbonate, the iiroportion of sulphur is readily calculated from tlio 
difference between the volume of normal acid required to saturate the 
original carbonate and that actually required after the ignition. 

It is advisable to take 1 gm. of the finely levigated pyrites and .5*3 
gm. of pure sodium carbonate for each assay ; and as 5*3 grn. of sodium 
'•carbonate represent 100 c.c. of normal sulphuric acid, it is only necessary 
to subtract the number of c.c. used after the ignition from 100, and 
multiply the remainder by 0*01(», in order to arrive at the weight of 
sulphur in the 1 gm. of pyrites, and by moving tlie decimal point two 
places tp the right the percentage is obtained. 
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KxAMPiJi: I gm. of finely ground FeS^ was mixed intimately with 6*3 gm. 
sodium carbonate, aud about 7 gm. each of potassium chlorate and decrepitated 
sodium chloride lu powder; then introduced into a platinum crucible, aud 
gradually exposed to a dull red heat for 10 minutes; tlic crucible allowed to 
cool, and warm water added ; the solution so obtained was brought on a moistened 
filter, tlie residue emptied into a beaker and boiled with a large quantity of water, 
brought on th(! hltcr, and washed with boiling water till all soluble matter was 
removed ; the liUnito coloured with methyl orange, and titrated. 07 o.c. of normal 
acid weic lequimd, which deducted from 100, left 33 c.c.; this multiplied by 
O'OHi gavt' 0‘5:28 gm. or per cent. S. 

Burnt Pyrites.- -The only satisfactory volumetric metliod of deter¬ 
mining the sulphur in the residual ores of pyrites is that described by 
Watson,* wliirli is in daily use in large alkali works. In order to 
avoid calculation, Watson adopts tlio following method 

Stiinilaril hydrociiloric acid.—1 c.c. = 0*02 gm. Na^O. 

Sodium hicarhonato.—This may bo the ordinary commercial salt, buf 
its (ixact. alkalinity must be ascertained by the standard acid.. Where a 
numlior of analyses arc being nuule, a good quantity of the salt should 
b(! \V(‘II mixed, and kept in a stojipered bottle. Its exact alkalinity 
having bcmi once didcrmined it will not alter, though daily oiieiied. 

Mirriioi) oi-’ I’litxJKDUitK: 2 gm. of bicarbonate arc placed in a 
crucililo w'liich may be either of platinum, porcelain, or nickel, and to it 
is adiied o Ui gm. of the Jinely povvderedore, then inlimately mixed with 
a flntkmcd glass rod. Heat gently over a Bunsen burner for 5 or 10 
mimUcs, an<l break up the mass with a stout copper wire. After 
fitirring, the boat is increased and continued for 10 or 15 minutes. The 
enu'ibh^ is llicii washed out witli hot water into a beaker. The mixture 
is boiled for 15 nuuutos, filtered into a flask, the residue w^ashed re- 
peat(*<llv wdth hot water, then cooled and titrated with tlie standard acid, 
using methvi orange as indicator. 

Fxami’lio 2 gill, of the bicarbonate originally required ;37-5c.c. of acid. After 
igoitiou witli the ori', 2S c.c. were required. The differeiico = U’S c.c., divided by 
5 will give !•!>, which is tlie percentage of total sulphur in the ore. 

Tliis total siilpliur includes that which exists as soluble sulpliidc, and 
which is not available for acid making, fn order to find the amount of 
this solulilc sulpluir, Watson boils olO gm. of the ore with 5 c.c. of 
staiulard sodium carbonate (1 e.(t. = 0‘()5 gm. Na.^0) diluted with water, 
for J5 minutes. After filtering and washing, the filtrate is titrated with 
the stamlard hydrochloric acid, and the dilforcnce between the volume 
used and that wliieli was originally required for 5 c.c. of the .soda solu¬ 
tion is ilivided by 5, as in the ease of the former process, which gives at 
once the percentage of sulphur existing in the ore in a soluble form. 
The results are not absolntoly exact, but quite near enough to guide a 
manufacturer in the working of the furnaces. 

This method is not available for unburnt pyrites, 

3 . Determination of Sulphur in Coal Gas. 

A most convenient and accurate process for this determination is 
that of Wildenstein (see p. 337). The liquid produced by burning 

1,/. A’. /., 1883, 7, 305. 
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the measured gas in a Letheby or Vernon Harcoiirt apparatus 
is well mixetl, and brought to a dehnite volume; a portion representing 
a known numlM'r ot cubic feet of gas is then poured into a glass, pon^e- 
lain, or platinum basin, acidified slightly with lUd, heated to boiling, 
and a measured excess of staiulard barium chloride added; the excess 
of acid is then cautiously neutralized with ammonia (free irom carbon¬ 
ate), and the excess of barium ascertained by standard potassium 
chromate exactly as described on p. IW7. 

The usual im‘thod of stating results is in grains of sulphur per 100 
cubic feet of gas. This may b<j done very readily by using semi-normal 
solutions of barium chloride and potassium chromate on the metric 
system, and multiplying the number of c.c. of barium solution required 
by the faclor 0*12114, which at once gives the amount of sulpiuir in 
grains. 


3. Determination of Sulphur in Sulphides decomposable by 
Hydrochloric or Sulphuric Acid (Weil). 

This process communicated to me by JM. Weil, is liased on the fact 
that, in the case of sulphides where the whole of the sulphur is given 
off as ILS by heating with TTOl or H 3 S() 4 , the H.,S may be evolved into 
an excess of a standard alkaline copper solution. After the action is 
complete, the amount of (Ui loft unreduced is determined by standard 
stannous chloride. The method is available for the sul[phides of lead, 
antimony, zinc, iron, etc. Operators should consult and practise the 
methods desiTified on p. 209, in order to bcc^mie accustomed to the 
special reaction involved. 

Method of Procedure: From 1 to 10gm. of material (according to 
its richness in sulphur) in the finest state of division, are put into a 
long-necked flask of about 200 c.c. capacity, to which is fitted a bent 
delivery tube, so arranged as to dip to the bottom of a tall cylinder, con¬ 
taining 50 or 100 c.c. of standard copper solution made by dissolving 
39*2811 gm. of cupric sulphate, 200 gm. of Rochelle salt, ami 125 gm. of 
pure caustic soda in water, and diluting to 1 litre (10 c.c. = 0*1 gm. Cu). 
When thif' is ready, a few pieces of granulated zinc, are added to the 
sulphide. 75 c.c. of strong HOI are then poured o\er them, the cork 
with delivery tube immediately inserted, connected with the copper 
solution, and the flask heated on a sand-bath until all evolution of JL^S 
is ended. Tlie blue solution and black precipitate are then brought on 
a filter, filtrate and washings collected in a 200 or 250 c.c. flask, and 
diluted to the mark; 20 c.c. of the clear blue liquid are then measured 
into a boiling flask, and evaporated to 10 or 15 c.c. 25 to 50 c.c. of 
strong HCl are then added, and the standard tin solution dropped in 
while Ijoiling, until the blue gives place to a clear pure yellow. 

Each c.c. of standard copper solution represents 0*005043 gm. of 
«gulphur or 1 gm. of copper (- 100 c.c. of solution) = 0*5043 gm. of 
sulphur. The addition of the granulated zinc facilitates the liberation 
of the HgS, and sweeps it out of the flask; moreover, in the ease of 
dealing with lead sulphide, which forms insoluble lead chloride, it 
materially assists the decomposition. Alkaline tartrate solution of 
copiier may be used in place of ammoniaeal solution if so desired. 
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Examplks (Weil): 1 gm. of galena was taken, and the gas delivered into 
50 o.c. of standard copper solution ( = ()-5 gm. Cu). After complete precipitation 
the blue liquid was diluted to 200 c.c. 20 c.c. of this required 12*5 c.c. of 
stannous chloride, the titre of which was 10*5 c.c. forO'Ol gm. Ou. Therefore 
16*6 : 0*04 :: 12*5.0*0d0d. Tiius 200 c.c ( - 1 gin. galena) represent 0*308 gm. Cu. 
Then 0*5 gin. Cu, less 0*308 ; 0*107 gm. Cu for 1 gm. galena or r.)*7 for 100 gm. 
Consequently 19*7 x 0*5018 — 9*94 per cent. S. Determination by weight gave 
9*H5 per cent. Again, 1 gm. zinc* sulpliide was taken witli 100 c.c. copper solution 
and made up to 2.')0 c.c., 25 c.c. of winch required 14*3 c.c. ^f same stannous 
chloride, or 143 c.c. for the 1 gm. sulphide. This represents 0*347 gm. Cu. Thus 
1 -0*347 = 0*658 gm. Cu (precipitated as CuS) or 65*8 per 100. Conse<inently, 
65 8 X 0*5048 - 8*2*9 per cent. S. Control determination by we ght gave 33 per 
cent. 

Tim process lias given me good toehnieal results with Sh^S,, but the 
proportion of snlphiii* to eop)>er is too great to expeid strict aeciirHcy. 

4. Determination of Alkali Sulphides by Standard Zipc 
Solution. 

Tills inetliod, which is simply the converse of that described under 
Zinc, is especially applicable for the technical determination of alkali 
sulpiiides in impure alkalis, niotlu^r-liqiiors, etc. 

If the zinc solution 1)0 made by dissolving 3*268 gm. of pure metallic 
zinc in liydroeliloric acid, supersaturating with aminoiiia, and diluting 
to I litre, I c.c. will respeetuidy indicate— 

0 0016 gm. Sulphur 

0*(K)30 „ Sodium snlftliide 

0 00561 „ Potassium sulpliide 

0*0034 Aniuionium sulphiile (NTIj^.S 

The zinc solution is added from a burette until no dark colour is 
shown when a droj) is brought in «*,ontaet witii solution of nickel sulpliato 
spread in drofison a wliite porcelain tih*. 

5. Sulphurous Acid and Sulphites. 

The diffieultie.s formerly presented iu the iodimetric analysis of these 
substances are now fortunately quiti* overcome by the modification de- 
vised by (ii los and Shearer.* A valuable series of experiments on 
the determination of SO^, cither free or combined, is <l(‘tailed in these 
jiHpers. The modification is both simple an<l exact, and consists in 
adding tlie weighed SO.^ or the siilfihitc in powder to a measured excess 
of **/io iodine without dilution with water, and when the decomposition 
is complete, titrating back with thiosulphate. Very concentrated 
solutions of SO.j are cooled by a freezing mixture, and enclosed in thin 
bulbs, which can be broken under the iodine solution : tliis is, however, 
not required with the ordinary preparations. Sulphites and bisulphites 
of the alkalis and alkaline earths, also of zinc and aluminium, may all 
be titrated in this way with accuracy ; the less soluble salts, of course, 
requiring more time and agitation to ensure their decomposition. A 

*y. .S'. C. J., 1881, S, 197 and 1885. 4, 303. 
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proliininary titratiou is first made with a considerable excess of iodine, 
and a second witli a more moderate excess as indicrated by tlie first trial. 

1 c.c. *'/io iodine -- bi)l)320;t5 f;m. SO.j. 

• Tlio antliors found tlial when perfectly pure iodine and neutral 
potassium iodide \vi*re u^ed for the standard solution, its strength re¬ 
mained intaet for a long period ; and the same with tlic thiosulphate, if 
tlie addition of aliout 2 gm. of pota'^sium bicarbonate to the litre was 
made, and the stock solution kept in the dark. 

From a large numixu- of experiments they also deduced the simple 
law of the ratio hetwi'en any given percentage of in aipieous solution 
at l.o'F’ and 7 h 0 mm., and tin* specitic gravity ; namely, the percentage 
found by titration multiplied by O'OOo and aildcd to unity gives the 
sp. gr. 

Ill cases wh«‘re the iodine method may not l>o suitable, W. B. (files 
recomnnuids the use of a standard solution of ammoniacal silver 
nitnite. This proce-s is applicable alike to SOo, Milpliites and bisulphites. 
The silver solution may conveniently be of strength, but before use 
ammonia is addeil in snllicieiit quantity, first to produce a precipitate 
of-^ilver oxide, then to dissolve it to a ch-ir solution. A known excess 
of tlii''solution is <ligcstcd in a closed bottle, with the substance, in a 
water-l)atli for some hours, tin* result of wbieli is the reduction of the 
silver as a bright mirror on the shies of the vessel. The tillered liquid 
and washings may then lie titrated by iliiocyanate for the excess of 
silver, or the minor togetlim* with any (‘oilected on the tiltor after 
washing and burning to ash may he dissolvcid in nitric acid ami de¬ 
termined by the same process (p. 150). 

1 C.c. '*/io silver -- 0 0022025 gm. of SOj. 

Example ' 0-1974 gm. of chejiucally pure potassium mctabisulphito K^SjOq 
was weighed out and tnrated as above des ribed, the mirror of silver and a httlo 
ou the filter determined gave 0-1918 gm. of metallic silver, winch multiplied by 
the lactor 1 028 gives 0'I971 ol metalusulplnte or 9J-9 per cent. 

Till- moth d IS vein useful in determining tlc' percentage of the SO 3 
in liquetie sulphurous acid. By cooling down this substance to a point 
at which th ■ vapour tension is hut small, small bulb's can ho filled w'ith 
fa'dlity nd .sealed up. .\ft<‘r weighing thov are introduced into a well- 
stopperod I ottle coniaining an excess of the ammoniacal silver, and the 
stopper lirmly secured by a clamp, Bv shakrig the bottle vigorous.y 
the bulb is broken, ami the determination is then conducted as above 
descri bed. 

AgoON/T, + SO,- + xNH, = Ag, -h SO, + N .,05 + xNH,. 

6 . Analysis of Mixtures of Alkali Sulphides, Sulphites, 
Thiosulphates, and Sulphates. 

The determination of the above-nvntioncd substances when existing 
togetlior in any given solution presents groat difficulty. Richardson 
and Aykroyd* have, however, {lub.i-hed a method which seems to 
give fairly ac urate results. 

' J. A'. 1896, 18, 171. 
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The doterinination of the SO,, in such a mixture cannot, i)e done 
volumetrieally, but by the addition of about 5 gm. of tartaric acid to 
such a quantity of solution of mixed thiosulphate, sulphate, and sulphite 
as would be usually taken for analysis, the SO., may be precipitated 
with barium chloride in the cold. The precipitate of BaS(b contains 
some barium sulphite, but this is easily removed by hot dilute IlCl and 
boiling water. The thiosulpliate jn’odiices no SO;, whatever in these 
circumstances, whereas in the presence of a mineral acid, sidphate is 
always produced. 

Tlie sulphides are determined by standard amraoniacal zinc solution 
(see 4, p. 327), which is of such strength that 1 c.c. ^ OdMHfigm. of S, 
using nickel sulphate solution as an external indiiiator. 

The zinc solution is also used for removing sulphides from a mixture 
of these with thiosulphates, sulphites, and sulphates ])rior to tlie de- 
ternnnation of the latter boilios. In this case it is only necessary to 
add a sliglit excess of the zinc solution, and lilteroff the precipitated 
sulphide. 

The autliors of this method, after pointing out the value of Giles 
and Slicarer’s method of determining sulpliites by iodint; just de¬ 
scribed, mention a method <levised by themselves, which (enables them 
to determine not only sulphib^s but free SO., not only in a pure state 
but in mixtnr<!s with sulphates, thiosulphates, and sul|)hidcs. They 
avail themsedves of the well-known reaction tluit when iodine is added 
to a neutral sulphite, neutral sulphate and an equivalent amount of 
hydriodic acid ar.‘ fornusd. 

Na,SO., + I, + H,0 - Na,SO, + 2JII, 

and the acidity of the solution may be accurately measured by standard 
alkali and methyl orange. 

The authors state that the best plan is to convert all sulphites to 
bisulphites, i.e, to the hydrogen sulphite of tlie base: this is necessary 
because a sulphite may be alkaline or it may be exclusively acid. 
Sodium bisulpliite is quite neutral to metliyl orange, and by titrating 
the solution of a neutral sulphite will) % sulphuric acid, using methyl 
orange, a point is reached when all the sulphite is converted into the 
acid sulpliite. The reason for this is patent when the reaction winch 
takes place when an acid sulphite acts upon ioiline is considered— 

NallSOa + OH, + lo = NairS04 + 2H1. 

Here is a now factor, inasmuch as the titration with alkali and with 
methyl orange as indicator is concerned; although the acid sodium 
sulphite is neutral to methyl orange, the acid sodium sulphate is acid 
to the full and exact extent of its combining power. 

Thus one molecule of sodium bisulphite, on titration with **/io iodine, 
liberates acid equivalent to three molecules of sodium or potassium 
hydrate. 

Example : A solution containing 1*62 per cent, of NagSOs. 7Aq waa titrated. 
Iodine solution equivalent to 9-5 c.c. *'/i 5 1; 29*9 c.c. were required ; the mixture 
required U*6 c.c. of NaHO. Now 9‘6 c.c. **/io I and 14'6 c.c. >*/i 5 NaHO 
are in the ratio of 2: 3 almost exactly; by using 0'012G as the factor for the 
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c.c. of *^/io I and 0*084 for the **/io NaHO, both results give 1*64 per cent, of 
Na^SO.j. 7Aq. (Of course the sulphite solution had been previously titrated with 
in the presence of methyl orange.) 

As the details of calculation may be somewhat obscure to those who have not 
experimented in this direction, the working out of an actual analysis is of interest. 

A solution containing one per cent, of pure sodium thiosulphate, and 0*78 per 
cent, of sodium suljihitc, was titrated upon 20 c.c. of iodine; 19'8 c.c. were required 
to decolorise; to neutralise with methyl orange as indicator 17*0 c.c. of "Ao 
soda were rc*(jHired ; therefore 100 c.c. of the mixture required 103*6 c.c. iodine 
and 02*7 c.c. of soda respectively; the c.c. of soda x 0*0084 give 0*7787 as 
the percentage of N%S(),,. 7Aq, and tliis figure-r0*0120 (the factor for 1 c.c. iodine 
in Na^SC),. 7.‘\q) gives 01*8 c.c., and this subtracted from 103*0 c.c. of total iodine 
required gives 41*8 c.c., and this x 0*0248 gives 1*030 instead of 1 por cent, of 
NajS.P;j. fiAq. 

Tho advantage of this method is hotter seen in iln^ case of a <‘om- 
plex mixture, where om* must remove sulpldde.s or other bodies by the 
addition of an alkaline solution of zinc* or other precipitating agent. 
The alkaline filtrate is speedily brought into a condition suitable for 
iodimetrie and alkalinietric titration by the method proposed. 

Example : A solution of known amounts of sodium thiosulphate and sulphite 
was treated with 10 c.c. of a strongly aminoniacal zinc-chlorido solution, and the 
mixture was titrated with .t until it gave a neutral reaction with methyl orange; 
it was now made to 1000 c.c. and was titrated upon a known volume of **/io 
iodine, using starch to find tho ond-rcaction (which is otherwise somewhat 
obscured by the methyl orange). Tlie disappearance of the blue colour and the 
appearance of tne pinkisli-purplo of the acidified metliyl orange is botli interesting 
and striking. Titration with "Ao NaHO was now easily accomplished. The 
results wore exact in the case of thiosulphate, and very slightly in excess in the 
case of sulphite. 

After the sulphite an<l thiosulpluito solution has been titrated upon* 
a known \olnmc of iodine, the sulphate formed is determined by 
barium at a boiling heat in the preseni^e of a little dilate HCI. Any sul¬ 
phate in the original solution is, of course, determined by the tartaric 
acid metlioti and deducted from the result. Ammonium tartrate must be 
avoided in the process, owing to its solvimt action on barium sulphate. 

Tlic [irocess is only strictly applicable in the absenci* of organic 
matter. When that is present it is preferable to use the iodine process 
as follows 

(1) Total Jodiiw valw q/'.’<e/a/ioa = H 3 S + ir.jSO., +11^8.0;, determined by 
running known volume of solution into excess of *^/io iodine acidified with 
liydrochloric acid and titrating back with ”/io thiosulphate. This gives 
A = H.jS + HoSO-, + H.jSof), accurately without loss. 

(2) Iodine vaine, of 1 ( 38 .—Add excess of ammoniacai zinc chloride, 
filter, wasli; wash ZnS into iodine and hydrochloric acid (as de¬ 
scribed on p. 81). Tliis gives B JlaS accurately. Then A - B gives 
HgSOa + HoSaO.i accumtoly. 

(3; Iodine value, of fLSyO;,. —To filtrate from B add acid to neutralize 
exactly with methyl orange as indicator. 

Then titrate with iodine and starch C = HaS^O., + II. 3 SO 3 in filtrate. 
Tlien with **/io alkali ,, ^ alkali **/“ D ~ IlgSOj „ 
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The ^ **/io Jilkali used - iodine equivalent of HaSO., in the filtrate (not 
in the orij^innl solution, as oxidation occurs in duration) accurately. 

And (1 - J) = H 2 S 2 O;, accurately. 

(4) Io>line mine of HgSO.,.—Got by difference 

lloSO, + HySyO-i ^ A - B accnratelv 

Il^SaO;, - 0 - 1 ) „ ’ 

II^SO, - A - B - (G - D) 

The procedure, so modified, is to obtain the sulphurous acid by 
difference in place of direct determinations. Tliiosuiphate suffers no 
appreciable oxidation on filtration ; sulphite does. Hence by determln- 
inj^ thiosulphate and sulphide accurately sulphite is fjot by difference 
accurately. This difference figure is always ratlier higher than the one 
d(;<luced acidimetrically (1), above.) 

Anothcu' series of processes for ascertaining the proportions of mix¬ 
tures of sulpliuretted liydrogen, sulphurous and thiosulphuric acids has 
been worker! out by W. Fel d.^ 'I’he methods described arc applicable 
to the alkali or alkaline eartli salts of the al)Ove acids, cvcui when present 
in small quantities. 

(!) .Sulphides.- -Alkali or alkaline earth sulphides evolve the whole 
of their sulphur as H..S when boiled with a concenlratod solution of 
magnesium <-h)oride in an atmospluu-e of (10.^. The powdered and 
moistened sample is placed in a 300 c.c. Krhmmeyer Hask jirovidod 
with a doubly-hored ruliber stop])cr. Through one hole a small ta])- 
funnel passes to tlie bottom of the flask, through the other a glass tube 
leads to four sets of j»ntash-bulbs iu series. The last of these is con¬ 
nected to a 10 litre bottle acting as aspirator. Tlie neck of the tap-funnel 
is connectcil to a supply of GO,.., which must have lu) action on a solution 
of iodine. Tiio first set of potash-hull)s is empty, the sccoml and third 
contain rather more iodine solution than will suffice to al)sorb all Ihe H.jS 
evolved, the fourth contains *‘,'10 thiosulphate solution, to lake up any 
iodine carried over by the GO-j. Aliout 1 litre of Cfb is first passed, in 
order to dis])lace the air in the a[)paratus, the tap of the funnel is then 
closed, and iihoiit 20 c.c. of 25 per eimt. magnesium chloride solution 
introduced. Connection is now made to the siqply of GO.^, and the 
magnesium cldoride solution run into the flask, the contents of which are 
slowly heated to boiling in a current of CO., passing at the rale of 10 litres 
in three-quarters of an hour. The operation is usually ended when 5 
litres have passed. Tlie contents of the jiotash-bulbs ar<i finally washed 
out and titrated ; the reactions an^— 

BaS-f MgCb-t-COa-hJI./) = BaGla-hMgCO., + H^S, and + = + 

Test analyses with BaSH . OH - 1 - 5HaO gave good resnlls. 

(2) Sulphites are determined in the same apparatus anti in the same 
' way, hydrochloric acid taking the place of magnesium chlcride. 

(3) Thiosulphates evolve some when treated with hydrochloric 
acid. I’lie following method is found, however, to give accurate results: 
The thiosulidiate is first converted (by titration with iodine solution) 

• Die. vhan. Jmt. 1898, -872 
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into tetralhionato. The suliition of the tetmtliioiiato, diluted with 50 c.c. 
of water, is placed in tlie flask with excess of aliitiiininm foil, and treated, 
in an atmosphere of ('0.^, with hydrociilonc acid in the cold. The 
reduction to ILS, wlik-h is collected as before, lakes |>lace qiiantitalivcly 
according to the equation 

Na,S,0s + 20Hri + :iAi, - 2Na(ll + 5AU;i« + 0H,() + 411,S. 

(4) Tinosuni'iiATK in Vuehknce of SriLcuiTF.—'lliis determination 
is made by method (5). The titration with iodine oxidizes tin* sulphite 
into sulf>liate. wliich is not affected by nascent hydrogen. 

(5) HuLPiiiTK IN ruESENCE OF TiriosuLFHATE.—ExcM^ss of mercuru^ 
chloride is added to the substance!; the thiosulphate is thus converted 
into mercuric suljdiide— 

Na,SA + fIgOI, + H,() = Na,S(), + HgS + 2H(I1. 
whilst tiie sul})hitc is not attocted and is detcrminctl bv (2). 

(hj SOLPUIOE,’SIILI'IIITR, AND TuiosuLPiiATE.—The samiilo is first 
distilled with magnesium <-iiloride, as described in (1). This gives the 
suljdiide. The poiash-hiilhs are then refilled, excess of mercuric cliloride 
added to I he cold contents of the flask, which arc then ^listilled with 
hydrochloric acid as described under (2). 'I’his gives the sulidiite. The 
thiosulpliafe is determined in a fn'sh sample by titrating with iodine, 
by which the suiidiido is oxidized to sulphur and the snlphiti! to sulj>liate, 
and then reducing by nascent hydrogen as described under (2). 

When, in addition to the alkali or alkaline earth salts of the acids 
consiiiered, the snhfttance contains polysulphides, free suli)hur, and siil- 
})hides of the heavy metals, the dilliculties are much greater. In such 
a <*ase satisfactory lesults may be obtainetl as follows: Free sulphur is 
extracted by carbon disulphide, and weighed after evaporation of the 
solvent. The sulphur present as sulphide is then determined by method 
(1). In this operation the sulphur of the polysulphides is evolved partly 
as IlyS, the remainder separating in tlie free state. The latter part is 
extracted by carbon disnipliide. If a suljihite is pnjsent, however, some 
thiosul[)hate is formed. The solution is now titrated with iodine, 
during whi(!h o|)eration the suijihur present as ferrous sulphide separates 
in the free state and is extracted with carbon disulphide. The solution 
is now treated by method (2) to determine the thiosuliitiato. The 
presence of otiicr |)olythionic acids introduces an error here. In solid 
substances sulphites may occur in presence of polysulphides; in this 
ease they are ileterinined by treatment with mercuric chloride and dis¬ 
tillation with hy<irochIoric acid, according to method (2). 

Determination of Thiosulphate In Presence of Sulphide, Sulphite, 
and Bisulphite. A. Sander.' 

Determination of Thiosulphate in Presence of Sulphide.— This is 
done by precipitation with mercuric chloride, eacli molecule of the 
tliiosulphate liberating 2 molecules of HCl, whicli can be titrated. 

2Na,Sy03 + 2HgCl.j + 2U..0 - 2NaySO, + 4HC1 + 2HgS. HgOI, 
and 2NayS + 2lIgCIy = 4NaCI + 2HgS. HgCI,. 

• (Jieoi. Zdf.y 1915, 39, 915. 
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The total of thiosulphate anil sulpliiilc is first found by titration with 
iodine solution. A second portion is treated with excess of ligCh, 
shaken until the dark |irecipitate has become a pure wliite, then NHjOl 
is added (to jirevont the precipitation of mercuric^ oxide bv Ibe alkali), 
and the cloudy liipiid titrated with "/m NaOil, using methyl orange as 
indicator. The alkali <-onsumed, divided by 2, gives the iodine eon- 
sumiition of the thiosnl|ihatc alone, and the ilitierence between this and 
the first titration give.s tlic iodine consnmed liy tho sulphide. 

Determination of Thiosulphate in Presence of Sulphite. —iloss- 
hard and Grob’s' method is recommended, in wliiidi the sul|ihit 0 
is first litrafed with standard HGI, using M.O. as indicator, thus 

Na.,SO, + HCl = NalfSOj + NaGI. 

To the resulting liipiid 1 gm. of NaCI and 3(t0 c.c. of a saturated 
solution of HgOkj arc added and the acid set free is titrated with standard 
NaOH solution in presence of phenolphtiialein, the reaction being as 
follows: - 

NaHSO., + irgGt, = HgCl. SO.,Na + IICI 

(sodium chloride is added to counteract the tendency of tlic mercuric 
cliloride to become jiartially hydrolysed and react acid). 

Determination of Thiosulphate, Sulphide and Sulphite in the same 
Solution. This can be carried out accurately in less than 10 minutes by 
tile followdng method. 

(1) 10 to ‘20 c.c. of the solution are run into a measured excess of "/ii, 
iodine solution acidified with .b to 10 c.c. "/lo lid, and the excess of 
iodine titrated with "do tliiosulphate. Tliis gives the total of thiosulphate, 
sulphide and sulphite [r]. 

(2) The liydriodic acid liberated by the sulphite in (1) is directly 
titrated with caustic soda and 1 or ‘2 drops of M.O. On snbtraciing the 
value of the acid introduced in (1), tlie iodine value of tho sulphite is 
olitained [y]. 

(3) The iodine value of the tbiosnlphate [;] is found with mercuric 
chloride as above, and the sulphide is then deduced by subtraction, 



Sulphur in Steel (and Sulphides) by Oxidation to Sulphate." 

Suliilinr in steels is determined as follow's : ii gm. of steel are placed 
in a flask through which hydrogen may be passed and which is connected 
with a 10-bnll) tube for absorption of the hydrogen sulphide. The 
absoi’iition biillis contain G to 7 gm. of sodium hydroxide in 50 to 00 c.c. 
of water. Air is removed from the apparatus by hydrogen and 100 c.c. 
of hydrochloric acid (sp. gr. 1. 1) added. After tlie reaction lias 
moderated the solution is heated just to boiling for 5 niinnles after the 
stool has dissolved. The contents of the bulbs .are waslied, witli as little 
water as possible, into a flask coni aining 10 c.c, of 0‘3N sodium liypobromite 

> CTic/». ZtiL, 1913, 37, 465. 

■■iWillarilainlCake, d. .1. C. S., 1921, 48, 1610. 
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in 2‘5N sodium hydroxide or 10 c.c.. of O’liN sodium hypochlorite in 4N 
■ sodium hydroxide, and allowed to stand for 3 to 4 minutes, then 2 to 3 
gra. of potassium iodide are added, the solution dilut(!(l to 150 c.c., 
neutralized with concentrated hydrochloric acid and 5 exc(^ss acid 
added. It is then titrated with ^I'l^ sodium thiosulphate. Sulphides 
which are solulde in hydrochloric acid are determined in the same way. 
Insoluble sulphides are ignited with powdered iron in an atmosphere of 
hydrogen or carbon dioxide, thus producing ferrous sulphide. The de¬ 
termination is then completed as above. The method is a(*curate to 
within about O-l per cent. 

For determination of sulphur in steel by evolution methods, see p. 
250. 


SULPHURETTED HYDROUEN. 

n^S - 34-070. 

1 c.c. *^/io arsenious solution -- 0-0025557 gm. H^^S. 

1. By Arsenious Acid (Mohr). 

Thus residual process is far preferable to the direct titration of 
sulphuretted hydrogen by iodine. It is based on the priicipitation of 
arsenious sulphide from a hydrochloric acid solution of arsenic trioxide 
by sulphuretted hydrogen. The following reaction takes place- 

AsA + 3H.,S = As,S, + 311,0 

from which we see that 197-92 gm. of arsimic trioxide are ecpiivalont to 
102-228 gm. of sulphuretted liy<lrogeu. Ilc.tice, 4-948 gm. of AsoO., 
( - 1 litre of arsenious solution) 2-5557 gm. of K,S, or I c.c. **/io 
arsenious solution = 0-0025557 gm. H.,S.^ 

The excess of arsenious acid is found by ioditui and starch, as on 
p. 144. In determining the strength of sulphuretted hydrogen water 
the following plan may bo pursued. 

Method of Piiocedure: A measured quantity, say 10 c.c. of ®/io 
arsenious solution is put into a 300 c.c. flask, and 20 «■.<•, of suljihuretted 
hydrogen water added, well mixe<l, and sufficient IK’l acMed to produce 
a distinct acid reaction ; this produces a precipitate of arsenic sulphide, 
and the liquid itself is colourless. The whole is then diluted lo 300 c.c., 
filtered thi-ough a <lry filter into a dry vessel, 100 c.c. of tlui filtrate taken 
out and neutralizocl with sodium bicarbonate, then titrated with *'/io 
iodine and starch. The quantity of arsenious acid so found is dcdtjcted 
from the original 10 c.c., and the remainder multiplied by the requisite 
factor for HuS. 

The determination of H 38 contained in coal gas may by this method 
be made very accurately by leading the gas very slowly through the 
arsenious solution, or still better, through a oilute solution of (-austic 
alkali, then adding arsenious solution, and titrating as before de¬ 
scribed. The apparatus devised bvMolir for this purpose is arranged 
as follows 

The gas from a common burner is led by means of a vulcanized 
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rubber tube into two siiceessivo small wash.bottles containing the 
alkaline solution ; fron^ the last of these it is led into a large Woulfe’s 
bottle tilled with water. The bottle has two necks, and a tap at the 
bottom; one of the necks contains the cork ihrougli which Ihe tuixi 
carrying the gas is passed ; the other, a cork throiigh wliich a good- 
sized funnel with a tube reaching to the bottom of the bottle is passed. 
When the gas begins to bubble through the tiask, the tap is opened so 
as to allow the water to <lrop rapidly; if the pressure of gas is strong, 
the funnel tube: acts as a safety valve, and allows tbe water to rise uj) 
into the cup of the funnel. Wlion a sufficient quantity of gas has passed 
into the bottle, say 6 or 8 pints, the water which has issued from the 
tap into some convenient vessel is measured in cubic inches or litres, 
and gives the <juaniity of gas which has displaced it. fn order to ensure 
accurate inc^asuremeut, all parts of the apparatus must be tight. 

The Hasks are then separated, and into the second 5 c.c. of arsonious 
solution are placed, and acidified slightly with HOI. Jf any tra(;(;s of a 
precipitate occur it is set aside for titration with th(! contents of the 
first fla-jk, into which 10 c.c, or so of arseriious solution are put, acidified 
as before, both mixed together, diluted to a given measure, filbTcd, and 
a measured quantity titrated as before described. 

This method does not answer for very crude gas containing large 
(piantities of HoS unless the absorbing surfac<! is largely ineroasiMl. 

2. By Permanganate (M o h r). 

If a solution of ILS is added to a dilute solution of ferric sulphate, 
the ferric salt is reduccHl to the ferrous state, aiul free sulphur separ¬ 
ates. The ferrous salt so [iroduced may be measnnHl accurately by per¬ 
manganate without reinoviiig the separated sulphur. Ferric sulphate, 
free from ferrous compounds, in sulphuric acid solution, is placc'd in a 
stoppered flask, and the solution of 11^8 added to it with a iiijK'ttc ; the 
mixture is allowed to stand half an hour or so, then (idiited ('onsidoral>ly, 
and ))ermanganate a<ided until the rose colour a))poars. 

55-84 Fe - 17-0:18 H.jS 

or each cc. of permanganate represents 0-0017058 gm. of II.,,8. The 
))rocess is considerably hastened by placing the stoppere<l flask contain¬ 
ing the acid ferric solution into hot water previous to the addition of 
K-iS, and excluding air as much as jiossible. 

3. By Iodine. 

Sulphuretted hydrogen in mineral waters may be aciairately deter¬ 
mined by iodine in the following manner:— 

Method of Fhocedukk: 10 c.c. or any other nocossary volume of 
^!m iodine solution are measured into a 500 c.c. flask, and the water to 
be examined added until the colour disappears. 5 c.c. of starch indicator 
are then added, and "boo iodine until the blue colour appears; the flask 
is then filled to the mark with pure distilled water. The respective 
volumes of iodine and starch solution, together with the added water, 
deducted from the 600 c.c., will show the volume of water actually titrated 
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by the iodine. A correction should be made for the excess of iodine 
necfessary to produce the blue colour. 

Fre se iii u H ‘ examine*! the sulphur water of the (irindhrunneu, in 
Frankfurt a. M., both voliinietrically and jfravlmelrically for HgS with 
very concordant results. 361 '44 gm. of water (correction for blue colour 
being allowed) rc(|uircd 20-14 c.c. of iodine, 20-52 c.c. of v\hi<-h contained 
0-02527 gm. of free iodine ThjS 0-0092 gm. per million. 444-65 gm. of 
the same water required, under the same conditions, 25-05 c.c. of the 
same iodine solution = HoS 0-0002 gm. per million. Gravimetrically 
the IlyS was found to be 0-0004 gm. per million. 

SULPHURIC ACID AND SULPHATES. 

Monohydrated Sulphuric Acid. 

ILjSO^ - 08-076. 

Sulphuric Anhydride. 

SO, = HO-06. 


I. Mohr’s Method. 

In my opinion the determination of snlidiurht acid in most cases is 
more easily obtained by gravimetric than by volumetric methods, but 
there are circumstances in which the latter are useful. The indirect 
process devised by C. Mohr‘S consists in adding a known volume of 
barium solution to the compound, more than sufficient to precipitate the 
SO,. The (?xeesK of barium i'> (converted into carbonate, an<i titrated 
with norma! acid and alkali. 

Normal barium chloride is made by dissolving 122-101 gm. of the 
pure crystals in the litre; this solution likewise suflices for the de¬ 
termination of SO 3 by tlie direct metluxl. 

Method of Procjeduke : If the substance contains a considerable 
quantity of free ai-id, it must be brouglit nearly to neutrality by adding 
pure sodium <-arbonate; if alkaline, slightly acidified with hydrochloric 
acid; a round number of c.<^ of barium solution in exitcss is then added, 
and the whole digested in a warm place for some minutes; the excess 
of barium is precipitated by a mixture of carbonate and caustic ammonia 
in slight excess ; if a piece of litmus i)aper be thrown into the mixture, 
a great cx<;ess may rea<lily bo avoided. The precipitate containing both 
sulphate and carbonate is now to be collected on a filter, thoroughly 
washed with boiling water, and titrated. 

The diflcrenee between the number of c.c. of barium solution added 
and that of normal aeid required for the carbonate will be the measure 
of the sulphuric aeid ^u-esent; each c.c. of barium solution = 0-04003 gm. 
SO;,. 

Example : 2 gm, of pure and dry barium nitrateand 1 gm. of pure potassium 
sulphate wore dissolved separately, mixed, and precipitated hot with carbonate 

* Z. a. C. 187.^, 14, 321. ^ .1 mi. dcr. Clim. v. Pharm. 90,165. 
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and free ammonia; the precipitate, after being thoroughly waehed, gavel'002 gm. 
potassium sulphate, instead of 1 gm. 

For t<;clinieal purposes this process may i>e (;onsideraItly shortened by 
the following modification, which disjienaes with the washing of the 
preci|iitatc. 

The solution containing tlie sulphates or sul|)huric acid is first 
rendered neutral; nornial iBirinin cidoridc is then ailded in excess, then 
normal sodium carijonate in excess of tlie l)arinm cliloride, and the 
voinmo of l)otli solutions noteil; the liipiid is tlicn made up to ‘200 or 
300 c.c. in a flask, and an aliquot portion filtered off and titrated with 
normal acid, 'f'he diftm'enco between the barium chloride and sodium 
caihonate gives the sniphnric acid. 

The solution must of course contain no substance precipitahle by 
sodium carbonate except barium (or, if so, it mnsl l)e (treviously re¬ 
moved); nor must itcontain any substance ]tre(d))itah!e by barium, such 
,a,s phosphoric or oxalic .acid, etc. 

2. Titration by Barium Chloride and Potas.sium Chromate 
(W i I de ns t e I n). 

To the liot solution containing the SO,, to he determined (which must 
he neutral or if acid, neutralized with ammonia free from carhon.ate), 
a standard solution of harinm chloride is added in slight exces.s, then a 
solution of potassium chromate of known strength is cautiously added 
to iirecipitate the excess of harinm. So long as any harinm remains in 
excess, the supernatfi.nt liquid is colourless; when it is all precipitated 
the liquid is yellow, from the potassium chromate; a few drops only of 
the chromate solution arc necessary to produce a distinct colour. 

Wi Id en s t e i n uses a barium solution, of which 1 c.c. --- 0-015 gm. 
.SO,„ and chromate 1 c.c. = 0 010 gm. of SO,,. I jirefer to use "/j solu¬ 
tions, so that 1 c.c. of each is equal to 0-02 gm. of SO,, It the chromate 
solution is made of equal value to the barium chloride, the operator has 
simiily to deduct the one from the other, in order to obtain the quantity 
of barium solution really required to precipitate all the HO,,. 

Method (U-- PKOCEiuikK . The substance or solution containing .SO., 
is brought into a small Mask, diluted to about .50 c.c., aeidilied if necessary 
with iFci, healed to boding, and precipitated with a slight excc.ss of 
standard barium chloride delivered from the hurc.tte. As the precipitate 
rapidly scllles from a boiling solution, it is easy to avoid any great exce.ss 
of barium, which would |irevent the lii|nid from clearing so s)ieedil,y. 
The mixture is then cautiously neutralized with ammonia free from 
carbonic acid (to he certain of this, it is weil to add to it 2 or 3 drops of 
calcium chloride or acetate solution). 

The flask is then heated to boiling, and the chromate solution added 
in J e.c. or so, each lime removing the flask from tlie heat and allowing 
to settle until the liquid is of a light yellow colour; the ipiantitv of 
chromate is then deducted from the barium solution, and the remainder 
calculated to SO.,. 

Or the, mixture with barium in excess may bo diluted to lOO or 150 
C.C., the precipitate allowed to settle thoroughly, and 25 or .50 c.c. of the 

22 
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clear liquiil heated to boiling, after neutralizing, and precipitated with 
chromate until all t.lie barium is carried down as chromaic, leaving the 
liquiil of a light yelhuv colour; the analysis should be checked by a 
sccoikI titrati<»u. 'I’he proc(?ss has yicld<!d me very satisfactory results in 
comparison with the gravimetric barium method ; it is jjeculiarly 
a<laptc(l for determining su!|)hur in gas when burnt in the Letheby 
sulj>hur apjiaratiis, details of which will be found on ]i. 32.'5. 

The prcrtcuee of alkali ami alkalim* earthy salt-sis of no conse<iiience 
—/n and (M do not interfere— Ni, To, ami Cn give coloured solutions 
which prevent the yellow chromate bihng seen, hut this difficulty can ho 
overcome by the us(‘ of an external indicator for sliowing the excess of 
chromate. This indicator is an ammoniacal lead solution, made by 
mixing together, at llu' time reqiiin^d, one volume of pure ammonia and 
four volumes of lead acetate solution (1:20). The liquiil has an opales¬ 
cent appearance. 'I’o use the indicator, a largo drop is spread upon a 
white poreelain plain, and 1 or 2 drops of the li(iiiid under titration 
added ; if the reddish-yellow eolonr of lead chromate is produced, there 
is an excess of chromate*, which can bo cautiously rodiicod l>y adding 
more Imrium until tlio exact b.ilanco is reached. 

A variation of tlie chromate method has been devised liy A n d row s,* 
wliich IS especially serviceabh* fordetermining the cotnhined SO,, in alkali 
salts. Tin* metliod is strongly n^commended by Re u te r - as simple and 
easy of execution. 

Method of PitocKnuRF.. or t gm. of pure prc«;ipitated btiviuin chromate 
arc dissolvod m :U) c.<‘. of stroug hydrochlfiric acid, and tlie whole is diluted to 
1 litre The iHptid to tie ti^stod, winch siiouid (xaitam attoiu 0'07 gin of SO^ as 
au alkali sulphate, i-i niixc<l at the boiling point with an excess (150 c.c.) of the 
chromate solution; llic acid is neutrahze<l with pure powdered chalk, and the 
precipitate is removed liy filtration. Alter thorough cooling, the filtrate is 
acidified with 5 c.c (not more) of strong HP), 20 c.c of a 10 per cent, solution 
of pota.ssium iodide aie added, and the licjuid is allowed to rest for 0 minutes in a 
covered beaker and ni au abmosphen* of carbonic acid (to prevent oxidation of tlie 
HI) until liic chromic acid is entirely icdueed. J'bnally, it is diluted to 1 or 
here, and litiated quickly with tluosulphale; three aloma of iodine corresponding 
to 1 uioleeule of hO.,. 

Anotlicr vunatioii of the chiomitc method has been (levistnl by 
Mitchell ami Smith.' It consists in using excess of standard am¬ 
monium flichroiaatc, ;ind titrating the excess Ity means of standard 
ferrom^ ammonium sulphate. 

Method of I’KOcKorki-;: A convenieiit quantity of a sulfihate is taken 
and ilissoivod in watm- or pure hyilrochlorir acid, or, if necessary, dilute 
nitric acid, ami a slight excmis of stamlard (^/j) solution of barium 
chloride (48 8(14 gm. JhiCL, ILO per litre) is added. The mixture is 
boiled ami rcmh'red neutral by ammonium hydroxide ; sodium acetate, 
acetic acid, and a slight excess of ”fimmoniii’n dichromntc are added. 
The mixture is made up to KK) <•.c, ami tlx* precipitate allowed to settle; 
25 c.c. of the clear supernatant liipiid are titrat<*d witli *^/ 2 o ferrous ani- 

>.b//r,. ('ln')ii. ./<-»/ , 18S0, 'tC: f. S., 95, 219H. 

'^Chan. 1898, 22, .‘157. 
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moniura sulphate, usinj,^ potassium ferricyanide as an external indicator, 
and takinj? the fir-st ap[)earanco of a ^?rcen tinge as the end-point. 

It sliould be noted that ammonium diehromate, which is^'i^in re¬ 
spect of oxidizing power, is only ^/so in respect of precipitating power. 

The method appears to lx* nipid, and the author’s results are very ac¬ 
curate. 


3. Direct Precipitation with Normal Barium Chloride, 

Veiy good results may he obtained by tliis method when carefully 
performed. 

MuTUon OK riiorEDnuK : Tlie substance in solution is to he acidified 
with I)y<lro(*liloMc ;ici<{, heated to boiling, and tlic barium solution allowed 
to (low (‘autionsly in from the burette until no further precipitation oc¬ 
curs Tin* ('11(1 of the process can only be determiiK'd by filtering a por¬ 
tion ot rlic liipiid, and testing with a drop of the barium solution. 
|{ (' a I ’ s filter is a good aid in this case. A tew drops of clear lirjuid ai’e 
pOLii'ed into a test tube, and a drop of barium solution added from the 
huivtte; if a (‘lolldill('^s a}>pe:i,rs, the eonlents of the 
tnln‘s must he ('mpticd hfiek again, waslnxl out into the 
li(jUi(l, and iiioie banum solution added until all the 
SO, Is pivei[iilaled. It is advisable to use solution 
towards tlii> (‘ml of the process. 

Instead of the lest tuh<‘ for finding wh(‘ther barium or 
suljilmric acid is m e\(;css, a plate of black glass may he 
used, on which a. drop of the clear solution is placed and 
fesfisl bv eitiu'r a drop of barium chloride or sodium sul- 
pha((‘—these to'ling solutions are preterahly kept in two 
sma.ll liottles with elongated st()[>pers. A still better plan 
is to spot the lifpiids on a small mirror, as snggoshHi by 
Haddock;' tlie faintest reaction can then be si'en, 
aUlmiigh tlie liipiid may lx* highly eoloured. 

W 1 1 diMi s tei n lia,s arranged another method for direet precipita¬ 
tion, especiallv Useful when* a, constant series of d(‘tci'minations have to 
he made. Tin* ajipa.ratus is shown in fig. 48. A is a bottle of fifiO or UKM) 
c.c. capacily, with the bottom removed, and made of vvell-anncah'd glass 
so as to stand healing; R a thisth* funnel bent round, as in the figur«‘, 
and this siphon filter is put into action by opening tin* pinch-cock below 
the cork. The mouth of the funnel is first tied over with a piece of fine 
cotton ciotli, then two thicknc.sses of Hvvedisli filter-papi'r, and again with 
a picc(‘ of cotton clotli, the whole being secundy tied with waxed thread. 

In prccijiilating SO,, by harium chloride, there occurs a point similar 
to the so called neutral point in silver assav, when in one and the samo 
solution both liariiim and sulphuric acid after a minute or two produce 
a cloudiness. Owing to this fact, the harium solution must not bo 
reckoned cxaidJy liy its .amount of BaCL, hut by its working effect; that 
is to say, the process must ho consideivd ended when the addition of a 
drop or two of harium solution gives no cloudiness after the lapse of 2 
minutes. 
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Mkthod of PkocfduhI': ; Tlie solution containing tho SO^ having boon 
prei)ar('d, and prchnably in HCI, tin*, vessel A is filled with warm distilled 
water and the pinch-eock opened so as to fill the filter to tin; bend C; tho 
cock is then opened and shut a lew tinn‘s so as to bring the water further 
down into the tube, hut not to fill it entirely; the water is then emptied 
out of A, and about 40(1 e.c. of hoik'd distilled water pouted in together 
with tho SO, sidntion, then, if neeessary, a small <iuantity of TfOi adiled, 
and the barium chloride' added in modi'rate quantity from a Imrtd^te. 
After mixing well, and waiting a few' minutes a portion is drawn off 
into a small beaker, and poureil back witiiout loss into A ; a small 
quantity is then drawn off into a test tube, and two drops of barium 
chloride added. So long as a precipitate is produ(*ed tlu' liquid is returned 
to A, and more barium added until a test is taken which shows no dis- 
tinet cloudiness ; tin* few drops to produce this effect are deducted. 
If a distinct excess has be»'n used, the analysis must he corrected with a 
solution of S(), corresiionding in strengili to the barium solution. 

A si’m[)ler and even more serviceable arrangemmit of apparatus ou the 
above plan may b<^ made by using as the boiling and precipitating vessel 
an ordiinry beaker standing on wire gauze or a hot platix The filter is 
made by taking a small thistle funnel, lii'd over as desenlxMl, with alxait 
2 inches of its lul)e, over which is tightly slippinl about 4 or 5 inches 
of rubber tubing, t<*rminating witli a short piece of glass tube drawn out 
to a small orifice lik(5 a pipette ; a small pineb-eoek is placed across the 
rubber tube just aiiove the [ai»ette end, so that when liung over the edge 
of tlie beaker with tlic funnel below the surface of the liquid, theaiiparatns 
will act as a siphon. It may readily be Idled willi warm distilkal water 
by gentle suction, then transferred to the rKpiid iindm* titration. By its 
means much smaller and more eonei'iilrated liquids may be used for tin; 
analysis, and eonseqin'ntly a more ilistinef evidence of tiie reaction ob¬ 
tained. 


4 . Determination by Benzidine Hydrochloride.' 

Benzidine sui])liateCi.jUy(NIL).. lloSCh is a stable salt almost insoluble 
in water containing hydrochloric acid Benzidine being a weak organic 
base, neutral to )ih<*nolj)hthak‘in, the acid in its sulphate can b('titrated 
with standard alkali. For tlie doterniination of snipluiric acid by )»cn- 
zidine U a s (• h i g‘-i recommends trcatingllu' neutral or acid solutii.n of 
the Kiilphale willi benzidiiu^ hydrochloride solution, filtering off the pm- 
cipitatiMi b(*nzi4lin(‘sulphate, washing it, ami tluui suspending it in water 
am) titrating tin* siil[ihiiric acid with soda. 

Method OF I’hocediiiie : To prepare the solution of benzidim^ liyilro- 
ehloride, (>'7 gni. of tin; free base, or the corres}M)nding amount of the 
hydrocliloride, is rubbed up in a mortar with 20 e.c. of water. The pasL<5 
is rinseil into a litre flask, 20 e.c. ot hydrochloric acid (sp. gr. 1-12) are 
addeil, and the solution diluted to the mark. (1 e.c. of this solution 
corresponds theoretically to 0*00357 gm. llySO^,) The solution has a 

'See Tre a d we 11 ’ « Anahjtii-al translated by Hall, 2iid editiou, Vol, 

11., p. 058. 

a/, a. C., 1903, 42, 017 and 818. 
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hr(»wn ('olour and tnay ho filtered if necessary. Aft(;r some time In-own 
flakes are lik(dy to separate, hnt these do no Iiarin. 

The solution of the sulphate is diluted with water untd its V(>hmi(^ 
4‘orrosj)onds to not l(^ss than 50 e.c. for each O’l gm. of sulphurio acid 
present. An equal volume of the reagent is added while stirring vigor¬ 
ously. A filter is jmqiared hy placing a perforated porcelain filter plate in 
a funnel and covering it with two moistened filter papers, one of exactly 
tlie same* siz(‘ as the plate and the upper one a little larger. After 10 
minutes, the lu'oeipitate is liltered otf upon this filter, using gentle suction. 
The last portions of the precipitate are transferred to th(‘filter with the 
aid of small porlionsof the clear filtrate, and then the beaker and pre¬ 
cipitate are washed with 20 c.c. of cold water, addeil in s,.vera[ portions. 
The precipitate and (iltm', hnt not the plate, are tln-n transl'envd in an 
Krlenmeyer flask, 50 c.e, of water an* ad<!ed and iiie contents of the 
stoppenal flask shaken until a honiog(‘ii(;ons paste*, is obtained. Tlie 
rubber stopper is then removed, rnist*)! with water, a. dro|) of }th**nol- 
piithali'in adeleel, the* wali‘r hi'ati'd to aieout 50" 0, and tilrate'el d'ith “To 
sodinm hydroxide. When the end i»oint is ti(*arlv readuMl, the iKpiid is 
boileel for 5 miniit(*s, and tin* titration tli(*n finisluMl. 

According to K r i e d h c i m anil \ y d egg e r,^ this method gives ex¬ 
cellent results in the analysis of all snlj>liatcs, provided no substances are 
[iresimt whii'li attack benzidine, and providi'd the amount of other salts 
and acids present is not too gri'at. Thiu'e slionid not he more tlian 
10 mol. ol HOI, 15 mol. TIN()„ 20 mol. 5 mol. alkali salt, or 

2 mol, terrii' iron presi'iit to 1 mol. H.^SO^. A satisfactory determination 
of the snl))hnr in pyrites may be made by <lis>olving 0-5gm. ot the sample 
according to the hiingi* method, evaporating off the nitric acid, taking 
uj> the residue in a lilfle tiydrochloric arid, diluting to 500 c.e and using 
100 C.c. for the treat inoiit with henzidine hydrochloride 

Hibbard's Modification^ (Oxidation of Benzidine Sulphate with 
Permanganate. 

This is a modilicatioii of the method of iiaizis^ and Duhin.' 
The solution for the preeijatation of henzidine snl)»hate should hi* free 
from iron, lieavv metals, nitrates, phospliales, and org.-mie matter, and 
slii^ild oidy contain between 0'5 and 4-0 mgm. SOj. The liquiil (10 to 
25 e.c.) is treated witli one droj) of filienolphthalein and then with dilute 
sodium hydroxide till just alkaline It is tlimi neutralized with “To hydro¬ 
chloric acid and OT c.c. ad<led in excess for each 5 c.c. of solution. Keep¬ 
ing the liijuid quite cold, 5 c.c. of OH pot; emit, benzidine hydrociiloridi^ 
solution is addeil, and after 15 to 50 minutes the beuzidim* sulphate is 
collected m a (looeli erucilile. washed wdth the minimum of cold water, 
transferred with the asbestos pad to tlie pri‘eipitation Mask, and heated 
with I e.c. of 10 per cent, sodium hydroxide solution in a boiling water 
bath for a few^ minutes. Then 10 e.e. of dilute sulphurie acid (I acid : 

1 water) is added and hot water to bring the volume to 100 e.c. “To potas- 
slum permanganate is run in until there is 5 c.e. in excess and the 

’ o. r,, 1907. 46, 9. -.W. Sd , 1919, 8, 01. 

IM. Chem 1914, 18,297. 
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solution hoaiod on the water bath for exii(d.ly 10 mimites. Then lOc.e. 
of **'ao oxalic acid is added and the titralion eompleh'd with ”'20 
man^janate. It is a(hisahlo to make a lilaiik determination. 

I e.e. ”'20 permanganate 0-12 ni'.'ni. SO,. 

PERSULPHATES. 

Tiik alkali persulphat('s may l>o readily titrat(‘d h\ ad<litie to tlndr 
solution a known oxe<Ns of ferrous salt and (l(‘t(‘rniinin^ tlie amount of 
oxyj^en ahsorljed by titration of the solution with i)erman^a.nale. The salt, 
say potassium ixnsulpliate, deeoinposes as follows :— 

!C,S,0, K,S(i, + HO, + (),. 

The operation reqmn's a standard pinnian^cinate, whose \alue i,- known 
upon a soliir.ioii of ammonio-hnrous sulphate, e.ontainin^^ ahoiil Ito ,nm. 
per litre. Ttii‘ method adopted hv e I? i a n e and K e k a r d t' i> to dis¬ 
solve about 2-0 ^nn. of the peiMilphatc 111 water and diliit(> to J(H) e.e. 
10 e.e. of tliis solution are placed in a flask w’lili o e.e. ol dilute snl[)tmne, 
a<‘id of I'K) sp. gr., ami a eonsideralth^ t*\cess of ferrous solution, s;iy 
1(K) e.e., then about J(M) e.<-. of distilled watm- at a, tenijieral nre of 7(h to 
80'C. are added, and a raiiid titiatmu madtMMlh permaneanaie. 'I'lie 
reaction is the more rapid the i^jriaiter the ovins ot ii'on soluUon, within 
reasonable limits. 

The standard solutions are best vm'ified upon a pm-siilpliaU^ ot known 
purity in onli'r to aseinaaiii the eomp:uati\(‘ eomposiii<ni of any ^i\eii 
sample. 

Another method eoiisists in deeomposiim the persulphate by means of 
jtot.assiuni iodide, and titralin^^ tlie lodmi* separated with thiosulphate 
solution. 2 to 2 j^m. of the sampk' are dis-oh'ed ni 10(1 e.e. ol water, and 
10 e.e. of tin? solution are treated with an excess of pota'-sium iodide 
(0-25 to 0-50 f,nu.), and Inaited for 10 minuli's in a. drying oviai at 00^ to 
80'^ G. The iodine is then titrated with ”,'10 thiosulphate, starch being 
addl'd towards the eini of tlie tittation. In tins laise the etleets of the 
process arc best estahlislual upon a pi.'rsulphaii' of known jnirity. 

B. (Jrutziier* l)a'< diseovcii'd that arsciiious acitl is completely 
oxidized to arsenic acid by alkali pcrsulphatcs 111 alkaline solnl ion. 

In aji[)lving this reaction, about 0'3 gm. el the alkali persulpliate is 
heated gradually to boiling wil.h 50 c.c. ot ”/io As,!), and a tew e.e. of 
[lotasli or soda-fyi*, then digestcil for a sliort time, allowed to cool, the 
liquid made faiiitlv acid with suliiluirie aeid, thi'ii strongly alkaline with 
sodium bicarbonate, and the excess of arseiiioiH acid titrati'd back w'itli 
**'10 iodine solution. 

M a r i c and B u n c I •' from I'arelul experiments ad\oeate tlie follow¬ 
ing method for a.lkaii persulpliates : 

Dissolve about 0-3 to 0-4 gni. of tlii' sample in lOO e.e. ol water; 
neutralize the solution, which is generally acid, in the presence ot methyl 
“orange; then add 2 1 * e. of methylic alcohol, heat for 5 minutes to 70"- 
SO'’, and tlienlioil forlO minutes, cool, and titrate with methyl orange and 
deoinormal soda. 

1 (i 81 , , 3 }<. ^ i.'la-in. 1900 , 435 . 

^ Jhdl. Stir. Vkint.^ 29 , Nn. 18 
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1 c.c. of deninormal soda corresponds to (>‘(>135 "m. KnS.O^. 

I n „ M „ 0-0119 „ Nfl.SX),. 

1 „ „ ,1 „ 0-0114 „ Am,SI),. 

The nsc of metliyi aleoiiol is l)as(‘d on tlie faot that a pcM-<nIphato 
transforms a portion of the aleoliol into aldehyd«^ accordinf,' to a well- 
known reaction. Tlio method gave very satisfactory results. 

TIN. 

Sn - llH-7. 

Metallic iron x 1 -O^i^K - Tin. 

Ferrous amminmini sulplial<' x 0 1513 - 
f’actor for iodine or pin- 

manganat(‘ solution. ()-00.593.> 

Teie method, originallv deviM'd hy S t re n g. lor I lie <liiert <ictei-mnui- 
tion of tin hy ])Otassinm dichromate. or otln’r oxidizing agent m acid 
solution, has hecni found mnst nnsatislactorv. from the tact that varving 
• luantities of water or acid seriously iiitcrtere with the a< cur:iey of lh(‘ re- 
suits. The cause is not fully understood, hut that it iMovmg partly to tin* 
oxvgen inechaineally contained in the walt-r leacting on tin' verv sensitive 
stannous ehloridi^ thm-e can he \er\- little douht. as the vai lat lojw are con- 
sid('ra.hly lessened by lie* Use of waii-r rec(‘ntlv lioiled and coolrd in cIosimI 
V(*sscls. These diflicullii's a.rc ^'Ct aside hv lla- proci'^^e^ of [jcnssen. 
1> *) w e u t It a 1. t r o m <* v e r, and o1h(‘rs, now to he des<'rihed. which are 
found fairly satisfactor\. 

I. Direct Titration hy Iodine. 

Lens sen’s Method. -Add 1 or 2 gm. of Roclndle i^alt. The cold 
solution is tlien titrated with ^,'io hnline Tlie nadlaul has heini almost im- 
tirely superseded liv the titration with iodine in acid solution. 

Titration of Stannous Chloride in Cold HCI Solution with Standard 
Iodine.' (Pearce-Low Method.;- This is one of the simplest, 
shortlist, and most aeciirate for thi'voinmetrii- determination of tin. It 
depemis on the oxidation of Sn(3, to stannic; chloride hy nnanis of iodine 
in tile presenci* of cold hyilrochlorie acid, tlins ■— 

SnCi, -f 2HCI -i- I, Sn(tl, -h 2HI. 

Starcli solution is used as indi(*ator. A small aanonnl of IT.SOj is not oh- 
jectionalilc, hut nitric acid and nitrates must not he present. 

Solution Required.— 'I'he standar<l iodine solution gmierally us(‘d is 
made by dissolving l()-7 gm. of iodine in a solution of 2t)gm <d potassium 
iodide in 50 c.e. of water, and making up witii water to 1 litre. 

Wlien 0-5 gnf. of sample is taken, 

1 1 '.e. - 1 per (-(‘ut. tin. 

It may lie standaiviized against, tin or arsimious oxide. 

Few of the metals ordinarily met with in materials to l)<‘ analysed for 

iR li. Hallett,./. .s’. (\ A, 11)16, S8, W^7. 
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tin interfere \vitl> tins jn<'llio<l, thus nickel, col)alt, aliiniiniuin. zinc, lea,d, 
etc., huvi? no effect nnh'ss prcscait in such lar^^e amounfs tliat their colour 
masks that of tin* indicator. 

Method of I-ao('Ki)ri!i;: Dissolve to 2 «rm. of the sample, accord- 
inf< to ix‘rc('nta.^a‘ of tin [jo'sent, in HCI, transf(*r the sohilion to a Ii5<) c.c. 
wide-inonth conical flask, a(l<l HOI in <iuantity siiflicicnt hrin^Mij) the 
free stronj; acid pri'seiit to 5(1 c.c. and dilute the s(diili(>n to 200 c.c. (The 
solution should contain 25 to 40 p(‘r cent, hy voIuiik' of fr<*e strong llCt.) 
A eoil of heavy sheet nickel (4 x U indies), with narrow >trip on one side, 
is then immersed in the solution, the strip h(*ing heni over lli(‘ edge* of the 
flask, and the latt(*r is covered with a watch glass. The solution is heated 
to boiling and maintaiiu'd in gentle ehullitioii for :t(t minutes afti'r all tlic 
iron, which may la* |>rc<cnt, is reduc(*d, tlie change heing indicat(‘d by the 
yellow liijuid Ix'coming palegn*eii. It has been found that ttO minutes is 
always more than sutfieient for tia* complet** reduction of the stannic 
clilovi<l(* from O’ogin. of tin oxide. The solution is <-ooled in an atinos- 
)ihcri; of (X)^ generated by a.d<liiig two cubes of marble to tin* solu¬ 

tion. The nickel eoil is tlam removed, being waslu'd with cold IICl (1 : ;i) 
as it is withdrawn trom th<* flask. Stjircli solution is then a.d<led and the 
solution titrateil at onci* with standard UKline, fiie temperaliin* of the 
liquid not lK‘ing higher than 22^" C. 

In))lae<‘of shei't nickel, rediietion niav he etlccl<*d hythcus(*of pure 
soft iron rods^ sheet alumininnt, or liiu'ly powd('red antinionv. 

A tin determination may lx* madehylliis method in about hour, 
th(* results hi'ing accurate to aixmt Od pi'r cent. 

Note on the Effect of Interfering Metals, -I’lvcipitation of metallic 
antimony by the nicki'l coil may he pi'c\cnt<‘d liy the a«ldilion of aji extra 
25 c.e. of HOI. 1’races of copper <l() not intlucnce the results, hut if more 
tlian 0'05 gm. he present ft should lx* removed hcfoi'cIian<I hy treatment 
with nitric acid, as in the case {»f I ifanium (s<*<‘ Ik'Iow). Itisimdh is pre- 
ei[)itat<x| in metallic form in tla^ r<‘tlucti<m jumccss, hut. tin* precipitate 
does not mati'rially affect the titration. Tungsten is also precipitated as a 
blue oxid(*, which in small (juantities is negligible in its etf(‘el, hut, if 
necessarv, may he filtoreil off and the solution again reduceil Ix'fore titra¬ 
tion. Titanium is liest r(‘moved hy converting tlu^ tin into oxidi* hy 
evaporation with nitric aei<l, fusing the residue for 5 minutes with acid 
potassium sulphate, dissolving the melt in dihiti* sulphuric acid, and 
filtering the solution. Any tungsten present may then he separated from 
the tin hy treatment with ammonium carhonatf* solution, in wdiieh tlie 
tin is insoluble. Ferrous <-hlori<l(‘ is not oxidized during tlio titration, un¬ 
less a large amount of i(xline is added and allowed to stand for soim* time. 

3. Indirect Titration by Ferric Chloride and Permanganate 
(Lowenthal, Stronieyer» etc.).. 

This method owes Its valui* to the fact that when stannous eliloride is 
lirouglit into contact with fi'rric iir eu[)ric chloridi* it acts as a rixtucing 
agent, in tlie most exact manner, upon those comiiounds, stannic chloride 
being formed, together with a proportionate (|uantity of ferrou.s or 
cuprous salt, as tlie ease may ho. If either of the latter be then titrated 
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with pormanganfiUi, the original ((iiantity of tin may foiunl, tln« ivae- 
tion tnMng, in the oaso of iron— 

mx + Fe..(n„ -- snvx mrx. 

r)5'84 iron = 59‘85 tin. If docinonnal iK'niianganato, or Ili<‘ fjii-hn* nocos- 
sary to (‘onv(M‘t it to that stronglli, lx* nsod, tlic calrnlntion hv means of 
iron is not no<-(‘ssary. 

Method of PKooEDiiaE: Tho soinlion of stannous ohlorido, or other 
protosalt of tin in H(tl, or tin* graniilati'd metal, is mixed with ))nr(* harie 
ehloriiie (which, if tolerably eoneentratixl, dissoba's metallic tin nxidily, 
and witlioiit (‘Volution tif hydrogen) then diliiti'd with disfilhxt water, and 
titrated w-ith ))ermanganat(‘ as usual. To obtain lla* mosi <‘\act results, it 
is necessary to niak<‘ an e\p{‘nnient w'itli tlie same jx-t mangaimte upon a 
like <{ija.ntity of w'a,t(‘r, to which fenaV chloride is added, the tpiantity 
reipiired to produci* the same vosi* colour is deiliieted from the total ]K‘r- 
manganate, and the remainder calciilateil as tin. 

Stamii<- salts, also tin 4-om|)omHls containing iron, an* dissohed in 
waiter, HOI a,dd(‘d, a.ial a. plate of e[e:in zinc immersed for 10 or lli hours; 
the tin si> pri'cipitated m caivfullv colha-leil and washed, them di>solve(l 
in 1101, and titraled as abovi*; or the finely divi<lcd metal mav at onc(‘. 
be mixed w'llb an excess of baric chlornhx a little IKd addixl. anil when 
solution IS compli'le, titrated with permanganati*. 4 e(j. of iron (-‘J2tV80) 
occurring in IIh^ form of hn'rons chlondi'n'jiresent 1 e'|.( -- llH-T)ol tin 
or Fe X O'elUtli - Sn. 

Tin mav also bi' precipilated from slightly amd |i(‘ro\ide ^ollltion as 
sulphide by 1 l.,S, the sidphide well washed, and mixed with terric chloride, 
the mixtiiri'gently warim'd, the sulphur tillered otl, ami the tiltrati* tluMi 
titrated with pi'rmanganati* as abovt'. 4 vi\. of iron I e(|. o| im. 

Tin Ore. -In fbeeasi- of analysis of rassiteiate. Arnold* n'commends 
that J gm. of tlie very tiiiely powderixl mim'iai be lavili'd to low ri'dm'ss 
for 2 lioiirs in a poixadain boat in a gla^ss tube 1 bnnigli w hich is passeii a 
rapid ciirn'iit of dry and pun* bydrogim gas, by which imams lla^ oxide is 
reduced to the melallie state. It is then dissolve<! m acnl [(‘i rie eliloimie, 
and tifrat«‘d with piM’inanganafe or diidiromate in the usual way. 

The Determination of Tin in White-metal Alloys. Tbl)otson 
and II |•(‘arl ey,- Tin may readily lx* detiuaninixl by rediieing the. Imt 
solution of the ebioride, ('ooling in an atmos])bere ol ('(\, and titrating 
W'itli iodim^ and starch. The reduction can be eon\(mi(‘n1ly <‘ffeeted bv 
nii'ans of iron, but any exc<‘ss addixl must be dissolved eom))l(‘lely. If 
antimony is pri'siuit, it will be preeipitated as metal, ami eanm*t be <iis- 
solved again, but as cold arid solutions of stannic chloride are not reduced 
by antimony, wdiieh readily reduces them on heating, llie solution may be 
directly titrated with iodine as usual, very good results being obtained. 
The antimony may he filtiu'od off after the titration and (letermimvl, but 
thc! results obtained are rather low’. 

An improvement on the above method consists in nxlueing the stannic 
chloride with fincly-pow'dered metallic antimony. The red net ion of 0*16 
gm. of tin is complete after boiling for 15 minutes, and the excess of 

•O'. A., 36, 238. VW., 84, 167, 
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nntimony whidi remains iindissolvcd as a safeguard during the 
cooling, since it i-educes any tin which may have l)ecome oxidized whilst 
the solution is still hoi. Cold ^>ol^tio^!^ of stannous chloride take up 
oxygen less readily. Tin; test analyses given show lliat llio iviluction is 
coini)l(!te. 

Th(‘ inhueneo of various subsiane(!s likely to Ix' j>resent in an ordinary 
analysis on the above metliod was examined, and it was found that the 
presence of iron, eliromimn, nickel, zine, mangam'si*, aluminium, bismutli, 
pliospliorus, and sulpliin' is without effi'ct on tin* re^nlts. The quantity 
of hydrochloric acid jiresent sliouhi always Ik; ahout. one-fifth of the total 
volume. If copper is present, it will he reduced to the caprous stai(‘, biit 
aecurate lesiiItN may ue\<’rtheless i)e oldained if the iodine is added drop 
by drop to the vigorously agitated solution, so as to prevent the fonuatimi 
of a local excess id iodine. It is also advisable to have rather more 
liydrochlorie acid present, uj» to alxiut one-third of the total voluiiu^. Co- 
lialt ajtpHrently gives very slightly higher values. Lead is witliout influ¬ 
ence if sufficient hydrochloric acid is present to prevent the formation of 
leail iodide. The pn'seix'e ol arsenic completely vitiates the results, 
whether the tin is reduced with iron or with antimony. MiTcnry is 
reduced to the metallic state, Imt is not oxidized in cold solutions, If 
inolybdcmim or tungsten be present, a (‘olonred lower oxide is fornusi, 
but this is not appreciably rc-oxidized )iy the ioiltnc, and the sta,rcli blue 
can 1>(‘ rc'adilv distinguished. 

Colorimetric Method for the Determination of Tin in Food-Stuffs. 

—Dr. S. IL Scliryver.* This nnUfiod is based on the following reac¬ 
tion. When diiiilnxllphciiylainine-siiijihoxide is treated with stannous 
chloride in the presenee of hydrochloric acid in excess, it undergoes re¬ 
duction as follows 

(V.H,(NO,),NSO + 7SnOL + ir)Il(’l = C.,li,(NM,),N8, TIOI + GIIaO-hrKnOI.. 

Thediaminothiophenylamino thus produced readily oxidizes, especially 
in the presenee of iiiinuti! qunntifie'^ of ferric chloride, to a brilliant violet 
colouring matter (Lauth’s violet), whicli forms the basis of llie test. 

Reagents Required: (a) 0 2gm. of dinitrodijdienvlamine sulplioxido 
is dissolved in 100 e.c. of*^'io XaOM and filtiTod. Of tlu* reddish brown 
solution so obtained 2 e.c. are used for each t(‘s[. (/;) Standard Tin Solu¬ 
tion.—-Stannous or stannic chloiide (mther may be used) i-ontainiiig 
0*2850 gill, of tin in 100 e.c. Of tiiis solution 5 e.e. are mixed with 5 e.c. 
of water, and 1 e.c. of tins dilute solution contains 1*428 mgm. of tin, 
equivalent to I grain per li». when 10 gm. of substance are, used for the 
determination, (e) Strips of zinc foil, 2 inches by 0-5 inch, weighing 
about 0*75 gm. each. 

Prockdoke : lOgm. of the food-.stuff are introduced intna700c.c-. round- 
bottomed Kjeldaiil digestion flask, 10 gm. of potassium sulphate added, 
then 10 e.c. of concentrated suljihuric a<*id and the mixture heated over a 
small flame in one of the stands commonly used for that process. The 
heating is continued until tlx; mixture has thorouglily charred and frothed 

‘See Loml Gunntmoit lionril Hi'jmrl, AV. 7. On tlx* presence of tin in cwtain canned 
o<xl.s. By Dr. Scliry ver. J908. 
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up. It. is ofion advisfiblo to dilute tlie acid at first added jind then gradu¬ 
ally to coneeritrate. The (‘fleet of this dilution and suhMMpK'nt eoneentra- 
tion is to hydrolyse tin? ])roteins ; tiie liydrolysis jn'dducts are nujiv readily 
o'(idiz('d by the sulphuric a(!id than th(‘ proteins th(Mnse!v('s. An ad¬ 
ditional (pianiity of sulphuric Jieid is now added, and tlu' h(‘at p’adually 
increased until the sulphuric acid can he rapidly boil(*d without daug(*r of 
loss from frothing. 20 to 00 c c. an^ usually sufficient, Imt for nn'at ex¬ 
tracts and jams as inucli as 40 e.e. of acid were found in'cessary. The 
iK^ating is conlimuMl until all the organic matter ha,s Iksmi d(‘stroy('d and 
the (^onhmts of the (lask are (piite colourh'ss, the whoh* process generally 
taking 2 to 3 hours. Food-stnlTs containing hut little water take longer. 
rar(‘ shoiild lx* ohser\(Ml that sul))huric acid is pre'sent in sntfici(‘nt 
ijuantity arid that tlie coidtuits ol tin; digestion flask luwer hecome dry. 
Aft(‘r cooling, th(‘ conienis of the riask are (hinted to aboul 100 c.e., H.,S 
is pa-'Si'd in, and tin' mixtun^ alUtwed to stand in a corlu'd llask <*tver 
night. N(‘\i (lav the flask is slightly warmcil i.n a. wat(‘r-hatli and the 
mixtmvol i)i-(‘(ripitat('(l sulphide and suljihur (ilt(‘i(‘(l otl through.a small 
filter (4 cm ). It should lie noted that wluu-e a turhid soluli-m is ohlaiin'd 
in (lihiting the cout(‘nls ul the Ki(‘l(lahl flask ('owing to separation of 
calcium sulphalc) tin; prt'cipilate slionld not Ik; lilti'rcd olT hclonj passing 
in Ih.S. 'J’h(‘ suljihid(‘ pi'('cij)itat(* is \\aslusl a, hue 1 1 nn's with watiu* i li(‘ 
filhu’ papi'f containiug the pi-ecipitah* is in'xt Iraiislernsl to a test-tube 
and hoik'd with 5 c.c. of conc(‘iitrat(‘d fUfi to dissclv.‘ the sulphi.k'. TIk^ 
solution is filtt‘r(Ml Itirougli a small funiK'l ini" a wide-'inouthed t('st-tulH! 
with sidl'd iihe coniK'cfed with a pump. The lilt('r papi'r is sucked as dry 
as possihk' and tlii'ii w;wh('d with 2'r» c.c. of cuncent rat('(l IKfi. llu' test- 
1nh(' is tin'll closed li\ a c(n-k canwing aiiihe reaching iiearlv to Iik' surfai'e 
of the liipiid, llirough w Inch a cmTcnt of COj is parsed Wliilst still liot, 
a pii'cc of '/me f() Is thrown in to la'dvice tln' slannic chloridi' to stannous. 
When th(' last tra,C(' of /inc lias dissolvc'd, add Ihi' reagent (c) by a pipi'tte, 
raising th(( cork for IIk' purpose, hut k('(‘ping the (3K])assing llie wliok' 
tilin'. Tin' solution is hoik'd for a minuti' or two. dihiti'd to IffO c.(‘. witii 
cold \vat('i'. and liheii'd f using a pump). 'I’hc li(inid h('coiu('~ viok't during 
fiUrati('>n and rapidly altains tin* full d('[itli ot colour alti'i* the addition of 
a dro}> of (lilut(' h'lTic chloride solution. 

t’onipaiis(.ai is made against a si't of standards containing 1, tt'7o, 0 a, 
and 0-25 c c. of the dilute tin solution {/»). tlu'se anmunts hi'iiig nn'asumd 
by acapillarv pipi'llc into 7-n e.e. ot eonci'iitrahnl IK'I. A pu'ci* of/iuc 
fej is added, the stannic salt r('dii('(‘d to stannous in a current of < th, and 
th(‘reagi'iit (a) added, etc,., as alK)V(.'. , 

The depth of colour is not slrictly iiroportional to the amount ot tm 
pivseni. (>-27) grain iier Ih. giv('s a ma,rk(‘d colour 1 grain per Ih. gives 
a colour so deep that it is advisable to use k'ss than Ih gni. lor a do 
teniiination or to use an ali(piot part of the solution ohiained alter de- 
struetion of the organic matti'r. It is generally possihk' to (h'termino 
immediati'lv the (h'gri'o of contamination by IIk' depth ol colour dcieloped. 
Amounts of more than 1 grain per !h. should he determined gravimetric- 
ally, using 50 gm. of sulistaiice and weigliing as SnO^. 
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M. |y. W K L I, s-nKl \V. I>. M i irlu'11 ' M.lludc to :i volumetric m<*thod 
of (l('teniiiifinj; titonic acid iiy 1* i sa n i Mvliicli doe?, not a|i|H‘ar to have 
inM‘n found satisfactory. M ar i n a<' ‘ a)i]»iic<i i' i sa ui ’ s method to tliei 
<lot(‘rtninHtion of titanic aci<l in the presiaice of moliicacid, sjiecial condi¬ 
tions h(dn^f adojited t ■> avoid tlie reiiuction of tin* latter. 

Th(‘ anfli<n-s liave modilieil Tisani’s proci'ss as impi'ovivl hy 
Marij^nac, and (‘inploy it for the dcterminalion of iron together witJi 
th(‘ titanic acid in oro. SiiiplnirK- acid stiliitions ai<‘ iimmI. and th<' ln|uid 
is |»roteet(*d from tin' air during coolinj; and lilralion hv mea.ns of acm r(*ni 
of carlion dioxide. 

Metiioo of I’kockdi'Ki: . Oym. ol the pnlvcii/.eil ore arc treated with 
lOlte.c. of coiK'imtraleil hydrocliioric acid in a coveo'd l•eaker, using a 
graduallv increasing h<‘af, and adding more aci<! it iieecKsaia. When there 
is no fm'ther action, oO c.c. of a. mixinri* of e(|uai volumes of sulphuri** acid 
and water are adiled, and the litpud evaporatetl until it fumes sti’ongly. 
After <‘oo!ing, 200 e e. of watm-a.n‘adde<l, liie whole luffed until the snl- 
pliates dissolv(‘, and the ln|uid tiltc'red into a litre flask It anviliing he- 
sides sllieions matter is left on the (ilti'r-paper, it should ite fused with 
potassium liisulphale, tie de l with concent rat(Ml sulplim ic acid, and the 
snljiiiat.es dissolved in Imt \sa.ter and adi|(*d to the main solution. 

The liipiid in tlie Hask is made nj) to tie* mark with uati'r, and four 
portions of 200 c.c each taken, two in Erlemm'ver flasks (.lOO 
and t)i(‘ otluu’ two in ordinary SoOc.c. flask-'. Each of thex' represimts 
1 gm. of the {)\v. 

To determine the inm. lE.S is jia-'sed into tlie sitiiitions in the ordina,i’y 
flasks to saturation, aiter whicti tlu'v are hoik'd until all the IT.S has hi'en 
removed, care heiiig takn'ii to avoid anv contact of the solution with the air 
hy covering the moutlis of the flasks w ith crncihli' lids. The flasks are then 
(juiekly tilled to the neck witli cold l•(‘C(‘ntly-holled watei', rapidly cooled, 
transferred to largi' heakers, and fitrati'd with standard potassinm jx'r- 
manganate. 

To the solutions in tlu' Ph’li'inneyer flasks 2.1 c.e-. of <'oncentrat(‘<l 
.sulphuric acid an' added, and 3 or 4 rods of juire zine, ahont 50 mm. 
long and 0 or 7 mm. in dianu'h'r an' siispendi'd in tin* liipdd hy mcaiu. of 
a platinum win* attached to the loop of a porei'lain crueihk' lid, whicli is 
inverted over tlie month of tlu' flask. Tlu' li^piid is then gently hoiled for 
30 or 40 minutes. TIh'M, without injerrn|)ting tlie iioiling, a. rajiid current 
of (X).j is introduced under the covi'r. Tlie flask is now rapidly <-oo|ed, 
the zinc waslied with a jel of water and removeil, and the solution titrati'd 
with permanganate, while the emrent of OO.j is still Ix'ing passed in. The 
diffi'renee hetween the permanganate used in this case and that required 
for the iron alone, rejnesi'iits the amount correspon<li ng to the titanic acid. 
The factor for imXallie iron <livided liv 0-7 gives the fai-tor for titanic acid 
(TiO,). 


.1. r. S, 1895, 17, 878. 1881, 39,289, 

C',,1868, 7, 11‘4 
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Tho most convi'iiiont sti'niigtli I’oi- tiui porman^auato solution is one of 
7'9 ^ni. per litiv, (toiTespondiiifi to about 0’014 gm. of imdallic iron. 

In tlio (lotennination of iron by rodnction with snlplmrottod hv<lrogon, 
no is prodneod on cold pcrmanganati^ solution by tii<‘ precipitates! 

sulphur pri'ssMit, but pr(‘ei)>itat<‘<i sulphides, such as coj)per snlplikh', should 
be filtered off befors' boiling. 

Theresnllsof test analyses of reerystallized |)ot!Vssium iilauo-fluoride 
(K-/riF„) wer(‘ somewhat low, but probably (|nite as gotal or Indter tlian 
any gravimetric method could fnrnisli. ^ 

Anotiu'i’method for the d('icrmination of titanium and iron in iron, 
ores, et<\, is givem by K ii e c h t and 11 i b be r t,"* as follows :— 

RfETliOD OF I’ROCEDUkE: About OS to I'O gm. of the finely powdered 
ore is fused with alxint ten times its weight of 
caustic ]iota>h in a nick<‘l disli. The, melt, when 
cool, is ti'(‘ated with water, acidified with HCl, 
a.tid lh<‘ solution made up 250 c.c. 2.5 oi- 50 
c e. are llien transferred to a conic.al tlask (df 
about 200 c.c. capacity) in which tin* tita.iuc 
sa,h is r(‘ilin-ed. The apparatus used is as 
shown in tig. 40. The flask is fitted witli a. 
rubber stopper ha,ving three holes. The ('(‘ulra.l 
one carries a gla.ss tulie filted with a. Bunsen 
val\(‘ and through it jiassi^s a platinum wire 
carrving a zinc rod r. Tin* ollua' two holes 
are teinporardy closed iiy glass rods. Wlion 
the titanic solution has been transp'rnxl to the 
flask, 1101 IS ad<led, and the flask closed bv the 
stoppi'r, and IIm; zinc lowcnal into the ii<juid 
by rneaiw of the platinum win* passing Ihrongh 
the small pierceil rublx'r stopper, c. Ueduc- 
tion Will b(‘ comjdeb' in 1.5 to 20 minutes, 20 
minuti's at l(‘a,st being necessary to i'nsnre com¬ 
plete reduction wh<‘ii much iron is jircsent. 

One of the glass rods, <i, is then removed and 
a stream of carbon tlioxide j>assed into the Mask 
through a. tube ins(‘rt(‘(| in tin* same hole. The Fio. 49. 

zme Is remo\»‘d from the solution by raising 

Ibe plalimim wire, an<l the otlu'r rod It is (hen removed also. ’I'la* zinc is 
washed with a littU* fn'sbiy-boiled waU‘r from a wa>b-botlie, llio solution 
cook'd, and iitrati'd with fthaidard iron oUi.m ttolidion, using pota.ssinm 
sniplioeyanate as indicator. The t^landdrd iron (diim .'ioliUion consists 
of a sohilioii of about 14 gm. iron alum dissolv«‘d in water, aeulified 
with siilplmri<‘ a,eid till tin* licjuid assumes a pale straw' eolour, and made 
uj> to 1 litre. 13v measuring tin* exact volnim^ of standa,ni titanons clilor- 
i<ie solutiiui (sec \). 240) re(|uiro<{ to reduce 25 e.e. of lids iron-alum 
solution, using ))otassinm snljdui-eyanate as indicator, ils strength is 
determiiUMl, and as it wdl! retain the same stnmgth for an indefinite 
period, this iron alum solution may he used in all snhse()nent cases for 
standardizing the titanons ehloride solution. 

* Xeic liediuiioii MfUimh in \'<jliiiiie(i ir A ualifsis, liy K n e vh t and 11 1 hber t, 1910. 
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Ex. 0 4997 gm. of iroatcO as alwve and made up to 250 c.e. 

25 after nnluetioM with ziiie ami iiydroeliloi-ie «‘M!id, required 17'3 
e.e. of iron aliiiii ^ultdioii, 

1 e.e, of iron nliini solulion eontJiini’d 


0-(MIIH42 j-iii. I'l 
JIcncr 


•001842 X 80-1 

r)5'85 

•002042 X 17-3 X HK) 
0-049!)7 


- 0-(H)2042 git! TiO.. 
= 91-40 |)('r (•(‘til. TiO-i- 


Also. I'OOO gin, tnvil»‘(l iii llit‘ same way, and jitraied with lilanons 
chleridi'. required 201 e.e. 

1 e.(!. TiCI,, - 0-001432 gm. Fe - 0-002047 gni. Fe/>,. 


Ilene 


^ 0 002047 X 20-1 X 100 

I 90 


- 2'73 |H‘r eeiiti. F‘qO.;. 


A. 0 e m m e 11 * s' method is a modification of N(*\\ ion’s- (|•(‘- 
duetioH hy imams of /ine and siilplinrie aeid, introducing an (txeess of 
feiTK! sulphate, nn<t titrating the On-rous Milt produeed with penmmganatc). 

Mnnioi) or i’KoeKiumi-;: A zine-ainmiimim alloy (Ym 90 ptn-ceni., Ai 
10 |KT cent.) is iiMvt as the reducing tigenl, lln‘ reduction hiung comlucted 
at nlxmt 50 in a tiask fitted with a ruliher .stopper and Hunsen va.l\e. 
TIte i-e<iu(;ed solufion is cook'd, liltered under diminished pressure into a 
Oask containing feme sulpliatt' and dilute siilpliurie aeid, tlie air lia.ving 
hei'n previoiislv sWept out hv the addilion of solul sodium earhonaU', an<l 
tile lanitents ol lhi‘ (lask titrated with standard jxM-nianganaie. The lime 
i‘e,(piin‘d for tin' reduction of i]nantities np to 0-0.5 gm ol titanium dioxide 
at olF C. is from 5 to 8 imniitc'^. With larger amounts a. inncli longer 
time is nocessa.ry, and it is advisable to allow a stream of c-arbon dioxide 
to ))la.y over tin* funnel during tlie filtration. For amounts of TiO.^ above 
OTo gni. the nit'lhod is iiiaceiirate, owing to inconipk'le rediidion ami 
oxidation during filtration. 

With tilaniferous rocks and iimieraK the total iron and titaiunm 
oxides are determined togidher in one ]iorl ion, ami tlie feme oxide alone 
in another }»ortif>n. For lh(‘ tolai oxides Ihe tune nM|uired for redn'-iioii 
IS usually 140 to 45 jiiimUes. Tlie reduction of ferric iron alone is complete 
ill 3 to 9 iiiimites, the eiid-jioint being found by testing with thiocyanate. 
All till' iron will bcreditei'd before the titaninm. Tin'solution is eooltal, 
filtered, and titrated witii permaiig.inate. No spi'cial precautions are 
taken to prevent oxidation dnriiig tiltration, as any r(‘diiced litaiiiiim is 
re-oxidizi'd. 1 c.c. *^‘io i)erma,nganate - 0-008 gm. TiO.,. 


URANIUM. 

V . 23K-2. 

The d('tci’mination of uraninm may N‘ con<luctc<l with great acenriu-y 
by ]M‘rmanganati‘, in precisely the same way as ferrous salts (p. 237). 
The mefal must lx; in solution either as aectab*, siilpliate, or chloride, 


IHIO, 35, 19S. 


A iiii’i, Ji'in\ Si’IniCf 1908, 25, ISO. 
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but not aK nitrate. In the lattor case it is nctcessary to evaporate to diy* 
ness with excess of sulphuric or hy^lrochloric acid, or to precipitate witli 
alkali, wash aiul redissolve in ac(‘tie acid. 

The r(;ductioii to tlie uranous state is made with zinc, imt as the cud 
of reduction cannot, like iron, he known by tin* colour, it is necessary to 
continue the action hir a (tertain time; in tlauaisc of small quantities for 
a qnartiu’, of lar<((n‘ for lialf an hour, at a f«mip(‘ratnre of 50'^ to 00’ C,, an<l 
in the prestun^e of of sul])lmric acid ; all the zinc must he dissolved 

before titration. The soluiiuu is then fri'cly diluted with boiled water, 
sulphuric acid ailded if necessary, and then jiermarif.’anate until a faint 
permanent rose colour is obtaincKl. The endinj? is distinc.l if the solution 
be well diluted, an<l the n^action is prccist^Iv t-he same as in tlie case of 
ferrous salts, namely, 2 cq. of uranmni existin;; in tlie nranons state re¬ 
quire 1 O'j. of oxycen to convert them to the uranic state; hence 55'84 Ke 
= llOl U, or 1 of iron = of uranium, consequently th(> strcngtli of 
any permauj^anate solulion in relation to iron bcine known, it is easy to 
find the amount of uranium. 

Since nranyl solutions ar<‘ not reduced by sulphurous acid, in it mixlure 
of feri'K'. sulpliatc and nranyl sulj)hat,e first the iron can be* lealnccd with 
sulphurous acid and titrated with i)ciin'in;,ciiiatc, then the uraiivl s^alt in 
this titrated solution reduced by 7.'n\v and titrated as described above. 

Another method of determininj; urauium has Ikvmi jmblished by B. 
U 1 as m an n.‘ 

The jiicthod depends on the reaction of nontral solubiourf? of nranyl suits on a 
mixture of pobussuiin iodide au<i lodatc— 

:IIJ0.,(N03), + 5K[ ! KIO, + 3H ,0 - :3UOo(OH), + OKNO, -p 31,. 

Any exeoss of acid in the solution must bo neutmlized with sodium carbonate, 
which IS added till a prccipiiate U'gins to be peimanent,; tins precipitate is then 
just redissolved in dilute acid. Place the solution in a 300 c.c. distillation flask 
provided with a ground stopper carrying a funnel with stop-cock, the tube of 
which roaches to the bottom of the (la>k. Insert tlie exit tube of the flask into 
the receiver containing potassium iodide solution, add to the nranyl solution the 
requisite amount of iodide and iodate mixture, dilute to 120 c.c., close with the 
stoppered funnel, and slowly heat to boiling. When boiling, cool the receiver 
with wa' cr, and lead a stream of hydrogen through llio boiling liquid. When the 
liquid H reduced to 50 c.c., witlidraw- the flask from ilio receiver, remove the 
burner, wash the delivery tube into a Iteakcr, riuse the eoutents of the receiver 
into the same beaker, and titrate with thiosulphate. With 0'2 to 0-3 gm. of 
uranyl compound the whole operation rcijuires 20miunt's. The results are 
accurate, and are not affected by the presence of alkaline-eartli chlorides. 

VANADIUM. 

V - 51. 

Vanadium salts, or the oxidis of this chunciit, m•l,y^K• v(3rv satis¬ 
factorily titrated by reduction with a standard ferrous solution : thus — 

2b'eO + V.j()„ - KOjO., + V-iO,. 

11)01. 37,139. 
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1 gni. of Fo re))resents r630 gm. of vanadic pentoxide. 

Of ooiifH(* it is no(t(‘ssai'y that tho vanadiiiiii compound should l)e in the 
highest stat(^ (if oxidation, jircferably in ))urc suijihnric acid fiolution. 
T1 i( 5 hliKi colour of tlic hdroxidi' in the dilute liquid has no misleading effect 
in testing with hui icyanhh*. 

With hydrochhn-ic, acid great can' must he takiai to (aisure ahsem.'O of 
free Cl or otlier impurities. The endqioint in the eas<^ of this aedd is differ¬ 
ent from that with sulpluiric acid, o\\ mg to the colour of the ferric chloride, 
the mixfun^ heconiing clear green. 

Tlui accuracy of tlic aidion is m^t intm-fon'd with by terric or chromic 
salts, alumina, fixed alkalis, or salts of ammonia. 

Vanadie solutions being exe(.Midingly sensitive to the action of reducing 
agents, great (.*ar(‘ must Ik' (^xereisiul lo exehute dust or other carbonaceous 
matter.s, alcohol, etc. 

The reduction of vanadie acid hv hvdriodic or hydroliromic acid ; and 
its titration in alkaline .solution with iodine has Ikhci worked out hy F. E. 
Browning.' The solution containing the vanadab' is boded in a 
conical iH'aker with potassium i(.)did(* or bromide, in not too large a 
(piantity, and a r((gulated amount of sulphuric acid, until no mure iodine 
or hroiiiine is liberati'd. Alter cooling, the residual ii<juid is nearly 
neutralizi'd with ai|ueous potash, a small quantity of tartark* ac,id is 
add(Hl, and the solution made alkaline hy addition of potassium hiear- 
l)onat('. Excess of standard iodine is tlu'ii addiMl, and after remaining for 
half an hour in a, \yell-clos('d bottle, the five iodine left is determined by 
means of a solution of ars(‘nious oxidi^ in th<^ usual way. 

One mol. of iodine represents 1 mol. of vanadium pentoxidi', or 

iodine x 0717 - VoO;j. 

Determination of Vanadium (and Chromium) In Steel.— The following 
mctho(t2 is given by J. Kent S lu i t h, American Vaiiadmm Co., Pitts¬ 
burg, Pa., U.S.A. 

I)issolve 4 gm. of the steid in 48 c.c. of watiu* and 12 c.c. of strong sul- 
jiliLiric acid, and when dissolved uxidizi* with nitric acid, avoiding a givat 
exc•cs^. EvaiHirati' to di yiu'^s on a hot ])latc, take u]i witli lOOc.c. of water 
and hoil till dissolvjid. Add 10 c.c. (or excess) of a 2^ per cent, per- 
manganati^ solution, and boil for 5 minutes; tlien add alittk manganese 
sulphate to pivi'ipitatc any undccomposi'd pi'rmangariate. Cool, dilute to 
500 C.C., filter through a dry filter ami tak(‘ 375 c.c. 3 gm. Steel) of the 
ch^ar filtrate To this latter add 50 c c. of dilute sulphuric acid, then a 
measured (‘xcivs of ^ferrous sulphate and titrate back with jier- 
mangauate till pi'rmancntly pink : each c.c. of iM^uriaiiganati; thus used up 
eqiuils 0-001743 gm. chromium. Now add 1 or 2 c.c. of ferrous sulphate 
solution to dissolve aiiv MnO^ tliat may liave been foriiKul, and luld per¬ 
manganate ivry//zv/der/////until the solution Is just pink, then cautiously 
add **/ 2 i) ferrous sulphate until the pink is just discliargc'd (tliis should be 
•'^flone exiwdly to one dro))). Next add a carefully measured 5 e.e. (or execfi.s) 
of ** 20 ferrous sulphate, and titrate l)ack with **/ 2 o ilichromatc, using potas- 

^ J. Amer. .'v'o, 1898, 18j. 

S(;e M a c t a r 1 a ii (‘’.s Lubo, atory Xotm on lri>ii ami i^t&i A na/yf-es, p. 222 (1909). 
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sium ferrii’V.inide as indicator. 1 c.c. ■*/» diclironiate = 0 002.55 {{in. 
Vanadium. 

In pla.i'(' of */i(i ferrous sulpliatii dooinormal solution of ferrous am¬ 
monium siilplialo, containing 30-214 gm. of the pure eryslals to tlii^ litre, 
may be used. As an average standardization ] e.e. -= 0-001718 gin. Cr. 

In the vanadium titration a5 perc-ent. solution of potassium f(“rrii-yanide 
is nsi-d as indli-ator. 

method of Procedure in the Absence of Chromium. Dissolve 2 .5 gm. 
of avanadium steel inOOi-.e.of sulphurii-ai-id (I ; 3). adding JOc-.e. of nitric 
acid when solid ion is near completion. Evaliorale till fumes ai'e evohed. 
Add 100 i-.c. snlpliurii-acid (I : 3), then vvalcr to about 400 c.c. Heat to 
OO' or 70" II. and add dilute permanganate solution drop by drop until a 
faint |)ink colour persists. Discharge this i-olonr exai-lly b> careful addilion 
of ferr-ons sulphate solution. .\dd 50 c.c. of 10 per i-ent. sodium phosphate 
solution, and cool. .\dd .an excess of standard ferrous snifihate, and 
titrate back with dii-hrorn.ate, using potassium ferricyanide as indicator. 

I c.c. 1*10 ferrous sulphate .= 0-0051 gin. V. • 

ZINC. 

Zn - 0.5-37. 

1 c.c. i/io solution = 0-003-208 gm. Zinc. 

metallic iron x 0 .5852 Zinc. 

X 0 7285 Zinc oxide. 

Ferrous ammoninni sulphate x 0-0830 Zinc. 

„ „ X 0-1041 ^ Zinc o.xide. 

I. Precipitation as Sulphide with Ferric Indicator (Schaffner). 

Iron, copper, lead, i-adiiiiiini, manganese, nickel and cobalt interfere 
and must preiioiisly be removed—the two latter hardly ever occur in 
apin-eciable i|uanlities in ores of zinc. 

Standard Solution Required.— Sniliimi sulphide, ]ircparcd from a 
cold saturated solution of crystallized sodinin sulphide by dihilion with 
10 lo 20 times ils volume of water. 

IMk'I-iiou 111 '- I’hoceouke: Of the linely powdered sample, previously 
dried at about 10.5", 0-5 gm. (or L to 2 gm. in Hie case of poor ores) is 
placed in a, beaker, aipia regia added, and evaporated nearly to dryness 
on a hot plate. The residue is taken up with hot water, 20 i-.c. of 
ammonia and 10 c.c. of ammnninm carbonate solution (10 per cent.) 
added, then, if necessary, a few drops of a solution of pernianganale to 
precipitate lead and iiianganese. Heat nearly to boiling and lifter into a 
5(X) c.c. Mask, wash the precipitate well with hot water containing 
aninionia until a drop of the washings .shows no reaction wiih sodium 
Siil|ihide. The liltrate and washings, which should iiieasiire abinit 250 
C.C., are heated to about 50°, a drop of a solution of ferric cbloride added, 
and the standard sodium sulphide solution run in gradually from a 
burette with constant shaking till the flakes of ferric liyilrate become 
converted into black FeS. The titration is then complete. 

The standardization of the sodium sulphide solution is carried out 
23 
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similarly. 0*5 gm. of piiro zino is dissolved in 10 c.c. of HCl in a flask, 
hot water adde<l, then 20 e.c. of ammonia and 10 e.e,. of animoniuin (car¬ 
bonate followed by a drop of ferric chloride as above, and tlie solution 
diluted to about 250 c.e. Tiie sodium sulphide solution is then added 
rapidly at first and O'l c.e. at a time towards lh(c end. 

A convenient stren^dh is 70 c.c. of sulphide - 0-5 frm. Zn. 

A simple calculation gives the percentages of ziutc in tlio sample. 

For great(‘r accuracy imcasuro the solution at completion of tlu^ 
titration and (h'duct 0*0 c.c. from tlu^ hurotte I’f'ading for every KM) c.('. 
of the solution, applying ihis correction to the standard also. This 
allowance is based on tlu* observation that 0'(» c.e. of a sulphide solution 
of the above strength is re<|uirc(l to blacken KM) (c.c. of ililute ammonia to 
which a drop of fcrri(c chloride has lavii added. 

Copper, etc., when pn^sent, must first h<‘ sc|)ai'ate(l by the ordinary 
well-known nedhods. 

Determination of Zinc in Blende by the Modified Schaffner 
Method. 

According to a conimmiication from v. If as s r e i d t e r and K. 
Pros t.' tin* above method is now employed at zinc works. 

Preparation of the Solution.— 2-5 gm. of iln' hleiuh', which has been 
dried at KM)'’ and litudy ground, are iri'ahvl with 12 c.c. of fuming nilric 
acid in a 2(M) c.c conical llask, first in the cold, tlien with gentle heating 
till all red fumes have been dissijiated, whim 20 to 25 c.(!. of strong nitric 
a(dd are added and the whole evajHirated to dryness on the sand-hatli. 
5 c.c. of hydrochloric acid and a littli! water arc tlion addcMi and the 
mixture warmed until as much as jiossihle has dissolv»‘d. 50 to 00 c.c. of 
water are then add<‘d and i he whoh? Incited to OO^ to 70^, until only gangue 
and separateii sulphur nmiaiu imdissolved. 

A moderate curreut of If.jS is iw'xt pass4*d into tlic solution and 50 to 
100 c.c. of cold water added, little by little, witli coritiuuous stirring until 
the precipitation (»f h^ad and cadmium sulphides is (-omiilctc, which may 
bejudgiMl by tiu* transparency of the bubbles as tlaw rise tlirough the 
solution. 

Excessive <lilution and too slow acurreul of H._.S should hi* avoided. 
The lif|ui(l is filtered and the precipitate washed wilh KM) c.e. of H.jS 
water, to which 5 c.c. of JTCI have been added, until a drop of tin* filtrate 
ceases to give the reaction for zinc with ammonium suli)hid(\ The filtrah^ 
and washings (about 1100 c.c. together) are lioiled till ILH is entirely re¬ 
moved, as shown by lead ai^etate pa))er, and hu-rous iron then oxidized, by 
addition of 5 c.c. of strong nitric acid and 10 (;.c. of HCl. 

After partial cooling the solution is transferred to a 500 c.c. measuring 
flask, 100 c.c. of ammonia (sp. gr. 0-9 to 0-91) and 10 c.c. of a (^old 
saturated solution of cornim'rcial ammonium carhonat(5 added, and the 
A, whole well shaken and allow’ed toc<)ol(in tlu^ piescmce of manganese 10 
c.c. of hydrogen peroxide arij added lx*foro Ihe ammonia). 

In the meantime an ammoniacal zinc solution of known content is 
prc])ar(*d hy dissolving in a 500 c.c. nieasuring flask chcrnic^ally pure zinc, 

ill Lunge’s Tech. Methwh of Chem. AiuifysLi, Vol. I., Part 1, p. 289, et seq. 
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approximately oipuil in quantity to the zinc content of the ore, in 6 c.c. of 
nitri(? acid and 20 c.c. of HOI diluted with about 250 c.c. of water. After 
holution, 100 c.c. of ammonia and 10 c.c. of ammonium carbonab? solution, 
as a))Ove, arc^ added, the whole shaken and allowed to (‘ool. When quite 
cold, both flasks are filhal to th(^ mark with water and tlie solution ])ro- 
pared from the ore passed ttirouj^h a dry foldo<l filter. 

Standard Solution of Sodium Sulphide. A com'entrated solution of 
commeivial sodium sulphide crystals is diluted with 10 to 20 times its 
volume of water, so that 

1 c.c. - O'OOri to O'OlO jtm. zinc. 

(Na.jS, OH.jO is soluble in twi{'e its wei^tbt of \vat(n’. IW)7 ffiu. of tlie 
<'r\stals corr(‘s))(md to I ^mi. of zinc.) 

Method of Titration. — P'or titration KM) c.c. an* pip(*tt('d from each 
bfK) c.c. flask as a])ove into thick-walled ^dass cylinders or beakm-s and, 
about 200 c.c. of water added to each. Two 50 c.c. burettes are tlum 
filled with standard s<Mliuiii sulphide solution, wliieli is run from eacli 
alti'rnalely into the solutions in flie lH*a,k(M‘s, at first in 2 or e.e. at a 
lime and late,r in such smaller (puintities as may a]t]M*ar niH-cssarv. 

The solutions are stirred and a droj) of eaeli |)laced simultaneously, liy 
means of thin ^lass rods, on a strip of sensitive lead acetate ]ia.])(*r. After 
10 to 1.5 si'coiids the (lro])s are washed off by the aid of a small wash- 
bottle, and the titration eontinu(‘d until the dro))s tak<‘n from the two 
sululitiMs, a,ft(U‘ an (Mpial ln]>seof tinn*, j^ive weak hut distinctly jiercetitihle 
brown stains of equal int<‘nsity. 

Should the volume of liquid withdrawn for the tests ho ajiprociahlo, 
the o))(*ration must he repeated ; in all efises the end-reaetious in tin* two 
solutions must he n*aeli<'d at the same time and tlie readinjis made to 
0-05 c.c. {1 drop usually). 

Let oj^m.ofzine he dissolved to make 500 c.c. of standard solution 
for comparison, and 

h - numlfer of c.c. of sodium suljiliidc solution required |K*r KM) 
»'.e. of the a.l)ov(*, 

llien 1 e.('. of sodium siilpliide - ^nn. zinc anil if n c.c. of this a,re re¬ 
quired per KK) c.c. of the solution of the ore ( -- 0-5 j,mi.), flieii the |K‘r- 

(I 40/ta 

eentaLa*! of zinc in ilie latter - 200 a x " —7 •. 

rw h 

Tn very exact determinations a (piantity of ferrie chlori<le correspond¬ 
ing to th(^ iron conbmt of the or( 5 , should he aihh^d to tin; standard solul Ion 
toeompensate for the zinc carrii^d down witli the ferrie liydroxide ])re- 
eipitaii*. 

2 . Determination as Ferrocyanide in Hydrochloric Acid Solution 
(C. Fa h I be rg). 

This method is not available in the presence of lead, (‘ojipor, cadmium, 
iron, manganese, i\ickol or cobalt. 

Preparation of the Zinc Solution.—(1) Zme tn t/ic presence of iron 
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aiid no more than a miall pe.remtafie of lead. 5 or 10 j{m. of the Biib- 
stance are dissolved in liot dilute HCI in a eovered beaker, and when 
aetion has ra^ased, the li(inid is filtered into a 500 e.e. measuring flask, the 
residue well washed with hot water, and the flask cooled and made up to 
the mark with water. 

50 e.e. ( . O'.) or I gni. of snhstanee) are then pi|iettcd into a beaker, 
ttie li(pud heated, bromine watei", hydroginr j>ero\ido, or sodium hvpo- 
chlorili' (hut nol 'nitric acid) added to oxidize the iron, then O'OO 
ammonia in excess. The ferric hydroxide is lillcreil olf, washed with 
hot water and a little ammonia., and if large in amouni, is redissotved in 
HOI and rcjirecipitated, the (iltrate and washings being ailded to the 
main hulk. This is then concentrated to about 200 c.c., neutralized with 
HOI and 10 c.c. more added. The hot solution is ihen reaih for im¬ 
mediate titration. 

(2) Zinc III. the pre.ieiiee of iron mid iitmigane.'ie. V o ii Schulz and 
ii o w’s method,' as modified by I’ at t i n s on and Re d |ia t li = should 
be used as follows lajiplicable to blende. Hue-dust, etc.): 

Treat 1 gin. of the finelv powdered ore in a covered beaker wilh HOI, 
heat gently, and after some time add UNO.,. E\aporatn to dryness, and 
extract the residue with 1 gm, of aiiimoniiitn chloride and 3 to 5 c.c. of 
ammonia; reilissolve the residue in hydrochloric acid, eva|iorale to dry¬ 
ness, and extract a second time, using the same iiuantities of aniniotiiiim 
chloride and ammonia as liefore. Filler, and wash several times with hot 
chloride of ammonnpn solution of 5 jier cent, strength. If manganese is 
(iresent, iirecipitafe it by adding bromine-water to the ammoniacal 
solution, filter, redissolve the precipitate in hydrochloric acid, add 
ammonium acetate, prccijiitate by IT„8 any zinc carried down with the 
manganese, dissolve the Zn.S in hydrochloric acid, and add it to the main 
solution. Add liydrochloric acid till the solution i.s just acid, then a 
further 10 c.c. and Iilrale the sohilion hot, rc.serviiig a portion at first in 
case loo much ferrocyanide should Ui run in. ffse uranium acetate s|iotled 
on a white porcelain plale as iiidicalor. (II hen eojijier hi jii'ereiif it is re¬ 
moved hv Seaman ’s method, see below.) 

VV. Ii. Seamaii'^ recommends the use of aluminium (in place of 
granulated lead |ireviously recommended, which gave rise to high results) 
for the removal of coiiper, the process being carried out as follow s : - 

0-5 gm. of the ore is covered with 7 c.c. of concentrated nitric acid, 
and an ecpial volume of hydrochloric acid is then added. The niixliire 
is allowed to act for 15 minutes at a lemiMrature not exceeding (i0“ {!. 

7 grains of amiiioiiiiim chloride are now introduced, and the whole 
evaporateil to dryness. After making alkaline with 5 c.c. of ammonia, 15 
c.c. of bromine water are ailded, and the mixture is boiled for miiuitos, 
filtered hot, and the precipitate w.ashed with a mixture of ammonium 
chloride and ammoni.a. The lillrate faintly acidified wilh hydrochloric 
acid, is boiled for 3 minutes with ahiminiuni foil, which precipitates all 
•the copper, le,ad and cadmium. The foil is then removed, and the liipiid 
titrated hot, the precipitated metals in no way interfering. 


I./. S. a /., 1892, It, 816. ^Ilml , 1905, 24, 228. 

■V. .1. ,S'„ 1907, 29, 205-211 anil.S', f,'. 1907, 211, 258. 
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Effect of Lead.--L on h o v an<l > M 1 o c li o ^ find that l(!ad <1 o6r not 
int(*rf('re with this dotorniination wlion earri{‘d out as <l(‘scrih<Ml above, 
viz., in j)res(aie(i of IICI and ammonium chlorido. They reeomim'iid 10 
e.e. coneentrated HCI and 10 gm. of ammonium eldoride in 200 e.<^ as 
eonv(*niont quantities to liave pi’i^sent. Concentrations of the latter as 
iiijch as 20 per emit. },nvo rise to an indistinct end-j)oint, but shar))enil 
points are obtained with a ran^^e of 1'5 to 0 ]>erc(*nt. of fn^e As 

indiratof they recommend a 5 jier eeiit. solution of uranium nitrate. 
Berinecr in an exporiment in which 20 c.e. of a zinc soluliou re¬ 
quired 2(h3 c.c. of standard forro<'yanidc found that when another 20 c.(‘. 
of the same solution, to which 0*05 jjfiu. of lead (as chloride) hail Ix'cn 
added, was Litrated 20 0 e.c. of ferroe\aniiie vvmi; riiiiniriMl. 

The Proces.s. —Solulums required : 

(</) Siaiidard potassium ierrocyanide. Dissolve 4lb2 jjmi. of llu^ pun^ 
crystals (K, FcCy,„ 011.^0) in water, lilter into a litre Hask and make up, 
tn tlie mark. 

1 e.c. O'Ol fill!, zinc. 

{!>) A streiii^ solution of nraiiiiini aeetaie or nitrate (as indicator).- 

Tile zinc solution, olitained as described aliovc, should lu^ apjiroxi- 
match 200 c.e. in volume, and, if mor(“, <“vapora,ted to that volume before 
tlie hiial 10 c.e. of IK!1 a.re added. About mne-tentlis of the liot solution 
(♦;()■'to SO ) are then (Muynied into a basin and slanda,rd lerrocyamdi^ run 
in, a, few c.e. at a time, bi iii;^iny; a drop of tin; well-stii-riMl solution after 
eaiHi addition into eontacl, with a drop of the indieator on a wlilte 
porcelain jilale. When a lirown tin^e is thus shown, the rescu'vixl portion 
of zinc solution is transferred to tin" hasin and Hie addition of buTocy- 
anide eontiniied cautiouslv till a drop just, eives a, Held, brown colour with 
a drop of the uranium solution. Should an (*\cess of ferroiWMuide ho 
adiiod, w'liieli would, of course, spoil tlie test, 1 e.c. of a solution of zine 
eldoride eouta,inin;( 1(1 cm, oy |,iire zine iii 1 litre should be addl'd by 
means of a cayiillarv pipette (a droyi of the solution bein«; titrated should 
now cease to f^ive a brown lin^^• with a droy) of the indicator, ollierwise 
another e.c. of zinc chiornii' must he added), and tlie til ration tinis|u*d as 
above inakin^^ aliowanee for tlie amount of zinc thus added, if any. 

The sta.ruta.rd fei-roc\anidc solution is slandardizeil as hdiows : U'4 yyni. 
of pnri'zinc (or O'o of pure zinc oxide, wliieli contains ()-40l7 k^m. 
zinc) is dissolved in IKJl and water, 5 cm, (if pm,, ammonium ehlonde 
added, the solution made jiist ammonincal, then just acid by addition of 
Il(d, finally 10 c.c. more HCI are added. The hot solution, made iqi to 
200 e.c. approximately, is then titi-afed. II not of exact stivnetli, the 
eorrei't value should lie marked on tlie bottle. 'Die solution keeps well, 
but slionld lie restandardized from time to time. 

A modification of the ferrocyanide met hod so as to Ui available for 
the determination of both zinc and manjiyanese in the yin'senee of eaeh 
other ha.s iM'en devised by 0. C. 8 t o n e.' 

^ A IK, typj, 37, fiSr.. 

‘^(1 reeii wood and Orislee state that ammonium tetmmolybdate I'l nearly twice 
as delicate au iudicator as the ui'aniuin salt, and recommend its use See ./. .S'. (7. 

lyoi), 28, ms. 

V. A. (\ .S'., 1895. J7, 437. 
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Tho standard solutions required are:— 

Potassium feiTocyanide, al)out 30 gin. per litre. Its actual working 
strengtli is found hy titrating it upon a known weight of eillier zinc or 
manganese in slightly aci 4 l solution, using a very dilute solution of 
cobalt nitrab* as (nitsid(! iiuli 4 'ator. A corn^ction is nni<le in all cases for 
tile amount of h'lTocy.mich^ re(|uin'i<l (o give the reaction with the 
indicator, and may he taken as 0-5 4 *. 4 '. for 4 w»m-v KMle.e. of tin* solution 
titrated. 

Potassium ixirmanganute, I'OO gin. <d’ llie, jinre salt per litn*. 1 4‘.e. - 
1 nigm. of Mil. 

TIuMmdqMfinl of reiwtion with tiu* in<licator is lound by placing drojis of 
the cobalt solution on a while tile, and bringing a dnq) of the Ii 4 jnid under 
titration in eontaet with if, )>ut not }u-inally mixing. The inuiKMlijite 
proiluction of a faint green lin(‘ at the junction of th(‘ drops is acc(qif 4 Ml as 
the correct reading. 

Method OF PuoOKDUkK : The ore is dissolved in HCI with I1 h‘ addition 
of KOlO., ,as an oxi^lizer, and care must he taken to liave suf!iei<*nt acid to 
keep all the manganese in solution. 

J^ead alom* neiMl not be se}«irated ; eop]»er 4 -an be ]>reeipiiat(‘«l by lead ; 
or l«*ad and cop}«‘r can l)oih lx? precijtitated ]»v aluminium. Ca<linium 
should be preei]titat(‘d by and tli«‘ filtrate oxiilizixl. Irnnaiul alu- 
niiniuni are Itest S 4 *parated In banum <*arbonate, but tIu* latti'r must be 
free from alkali earboiiabs ami hy(lro\i<lt‘s, barium hydroxide, ami am¬ 
monium salts. A Si',It sufticiently pur (5 for the pui'iiose may lx-; obtained 
by 8 us|x:nding the ordinary jiure earbonate (first proviMl free from ani- 
monium sails) in warm water for several hours with 2 or 3 ]K*r cent, ot its 
weight of barium chloride. 

The well-oxidized solution of the ore is put into a oOO e.e. flask, aii<l 
baviiim earbonate sus))4*nded in wab'r added until tlie prei-ijiitate eoagn- 
lates. The whole is tlnm ponrcMl into a beaker, well mixed, allowed to 
settle, and tho clear liquid decanted through a *lry (iller, and diliitixl to 
600 e.e. Portions of 60, 100, or 200 r.c. nf tlie liltrate aiv used for oach 
titration. One portion, wliii-li should contain Ixiiween O'Ol and 0'04 gm. of 
manganese, is diluted to 2(K) e.e., Incited nearly to boiling in a porcelain 
dish, and titrated rapidly whti permanganate with vigorous Stirl ing. 

A s 4 vond portion is made slightly acid with hyilrochloric acid, the 
zinc and mangaiu'se are titrated together in the cold with iVrroevannle; 
tlie dark colour of the pieeipitaie suddenly elianges to light yellowish green 
shortly before the end of the reaction. It is not necossai’V to test with the 
cobalt solution until 1 or 2 e.e. of tin* lerrocyanide liave been added after 
the lightening uf tliii )>recipitate. 

Kxame'LK : 1 e.e. of the ferroeyanidc solution equalled O'UOOOf) gin of zine, or 
0*00384 of niaiigaiiese; 1 c.c. of the permanganate e<piallcd 0-001 gin. of man¬ 
ganese. gm. of tho oro were dissolved, and tho iron precipitated and filtered 
off. 50 c.c. of tho solution were diluted, heated, and tinratod with permanganate, 
requiring 18*45 c.c. = 7*38 per cent, of manganoso. 100 c.c. titrated with ferro- 
cyauide required 27*85 c.c. of which 9*01 c.c. would be used hy the manganese 
present. Deducting this, 18*24 c.c. was left for the zinc, equal to 0*11053 gm., or 
22*11 per cent. The amounts of zinc and manganese as determined gravimetrically 
were 22*05 and 7*58 per cent, respectively. 
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Determination as Zinc-Ammonium Phosphate. 

Tlfo method Iuih hoon dovisod })y P. H. Walkord Amirding to 
G r (i 0 n w o o <1 and B r i s 1 e e ‘Mt is of limite<l application <mly, the re¬ 
sults [)einj( seriously afTected in the: ])roseru'c of lime and iiia^uu^sia. Tins 
pn)c(‘ss is a modification of that devis<‘d hy S t ol h a ha the dcienniiiatioii 
of magni'sium, and is caiTi(‘<l out as follows : 

T') tlu^ zinc solution, which shoul<l contain arnmoninm chlori<ic, a large 
ex<-c:ss of ammonia is added, tluui a large e\c<‘ss of sodium phosiihate solu¬ 
tion. Hydrochloric aci<l is now gnulually added until, aft»u- stirring, the 
sohitioti remains milky, when the liijuul is heated to about Th" C., and the 
gradual addition of acid continued, with constant stiuiug, until uearly 
coni))!c!te luaitralizatioii is attained. By this means tlie ]>r('ci))itate be- 
coiiH's crystalline, and after .5 minutes’standing it sliouid l)e filtered oil 
and waslicil witli cold wahu* until tlu^ washings sliow only a faint tr.-u'e of 
cliloridi*. 'Pile jilt«‘r ]>a}MM- and preci[)itatc arc now returned to tlie l)eakcr 
in which tin* pixvipitaliou was carried out, an ex<-ess of standanl acid 
a<hh*d, and tiic (‘xact p(Miit td’ maitrality dehu'mined Iw m<‘aus of standard 
alkali, using mcLiiyl orange as iudii'ator. From tlie equation- 

ZnNHjI’O^ I ILSO, ZuSO, + NHJLPO4 

it is seen iliat I c.c. of normal a<-i<l con•c^ponds witli 32'7 mgm. of zinc. 
SiiK'c the zinc ammonium plios[)liat(‘ is not prccipitahnl in jiresence of a 
large exet'ss of ammonia, any magnesium pn'seiil, which will he'precipi¬ 
tated, may 1)0 removed by filtration, and the tiltvat<‘ neutralized to llirow 
down the zinc. Fairly good results are obtained Ity this method also in 
the pr(‘scuce of iron, hut any mangainse must lx* previously seiiarated, 
best by means of nitric acid and potassium clilorate. 

.1. M. F i n d 1 a y and A. C. C u m m i u g ‘ iiave found ihal tlie results 
ol)tained by this metliod an' inaccurate : (i) if tlie sohiliDU coiitainc(l more 
tlian a iraci* of acetie acid, (ii) if the solution after flu* preripitation was 
alkaline, or (lii) if tlie solution contained sodium or polassium salts. 

4, As Zinc Mercury Thiocyanate (J a m i e s 0 nj.^ 

Inst(‘a<l ot weighing the pnMupilate of zinc rncrcurv thiocyanate pro¬ 
duced in Lundell and Beil’s gravinudric methoir' for determining 
zinc 111 alloys, the j>recipitat<! is titrated with polassium lodidi* in tfie 
presen<*e of strong hy<lrocliloric acid aiul an immiscible solvent. The 
equation is 

/nHg(StlN), + OKIO, + r2HCI ZnSO, + IlgSO, + 2lLSOj 4 iUCH + 
filOl 4 (IKCi 4 2II ,(). 

The nvigeni used for the ])recipitation contains 30 gm. potassium (or am¬ 
monium) tliiocyanah' and 27 gm. mercuric chloride per litre, 2r> c.c. of the 
roaginit being used for lOh c.c. of zinc solution, the free acid in which 
should not exceed 6. per cent. Cadmium, cobalt, copjxu’, bismuth, man¬ 
ganese, and mercurous comtiounds slunild be absent. Niekid in small 

3.7. S. c. /., 15H)9. 28,1138. 

<•/. A. V. .S'., 1918, *0,1036. 


*./. A. a. .S'., 1901,23, 468. 

C. .y., 1913, 29,163. 

^/. .S’. C. /., 1914, 38, 967. 
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amounts does not interfere apprcK-inbly. Ferric compounds in appreciable 
amounts should l)o reitiiced by SO.^. Arscnious compounds need not be 
removed. 

Mktiiod ok Prockdiiuk: Tlie zinc mercury tliiocyanate correspond¬ 
ing with 0-03 to O'lOgm. of zinc is precipitated, collected on a washed (iltor 
with gentle suction, and wa^]led four or five times with a solution <-on- 
taining 10 c.c. of tlie reagauit in 500 c.c. The precipitates with tin* lilt«‘r is 
transferred to an H-ouui'c titiution bottle, a thorougiily-cooled mixture of 
115 c.c. strong hydroclilorie acid and 10 c.<*. of water, followed by 7 to 8 c.c, 
of chloroform, is added, and the liquid at once titrated rapidly with standard 
jiotassmm iodab* .solution, while the bottle is widl sliakeu. When the 
iodine libcrabMl in the first stage' of the reaction has disappcare<i, the 
stopjH'r is inserted and the titration continued slowly, v\itli tbormigb 
shaking after e;u'b addition, until tlie io<liii(‘ colour has disapjjeared fioiii 
the cbloroform solution. This marks tlu'eiid-jsiint. If more than 50 c.c. 
of till' lodate solution are reqiiin'd. a further 10 to 15c.<•. of strong hydro¬ 
chloric ai'id imist 1 m^ a.ddc<l to prev('iit liydrolysi'^ of thi' iodine inono- 
chloridc. 

Standard lodate Solution. I0 044gm. I\l<),{ p»'r litri'. 

I c.c. 0 001 gni. Zn. 

(^mversely, the method <!ct<‘rmincs Meri'iiry (q.v. p. 278), 

5. Zinc and Lead. 

Knpp' inis demised the following mcthoil for the d(*lcrmination of 
zinc (and lead). It depends on the fact tliat when a muitral solution of 
zinc IS added to a solution of |)otassiiiiii cyanidi' the soluble doul)l(^ 
cyanide K.^Zii (CN), is formed at first, but the least excess of zinc causes 
the pnxluction of iiisolnhlc^ zinc e_\anide. The luetlioil is inajiplicalilc in 
the prescni’e of acc'tates. 

Mkthod of PnorEDUKK : Tlic soliiiioii of zinc a> sulphate or cliioride 
is neutralized hy means of caustic soda., using methyl orange as indicator, 
and made up to a known yoluino. Into a flask containing ahmii (i-o gin. 
of ammonium chloride dissolved in a little water 20 c.c. of K('N is 
accurately nicasureil, and th(5 neutral solution of zinc is iim in Irom a 
burette into this mixture, with constant agitation, until a permanent 
turbidity aj))>cars. Tlu^ i-yanide solution is standardizi'd in tiu! same way 
with a solution of pure zinc sulphate. Tlu' presence of a salt of ammouia 
is essential, as it causes the re-solution of precipitate locally formed in 
the cyanide solution. Too mucli ammonium chloride causes high re¬ 
sults. 

1 c.c. "/a KCN = 0-008171 gm. Zn. 

Lead. —Lead cyanide is not sohilile in excess of alkali cyanide, hut is 
readily so in acids. On adding excess of KCN to a lead solution and 
filtering, the excess of KCN can he titrated with HCI. 't’he solution of 
lead as nitrate is neutralized by means of NaOH, using mi'thyl orange as 
indicator, and atlded to 25 e.c. .of KCN solution contained in a 100 c.c. 
measuring flask, the amount of lead pn'sent being such that an excess of 

’ riin,!. ZfU., 1910, 34 , 121 . 
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C\'ani(l(‘ remains after it has all lx‘en ))reeipitate(l as Pli(CN).. The hask 
is ma<l(* up to the mark, well shaken, allowed to stand for 10 minutes, 
and liltered. HO or 75 c.e. of the liltrato are then titrated with **-2 or % 
IKM, Lisin^^ iiiethyl oranj^e as indicator. 

1 <‘.c. "/2 11(31 - 1 .‘.c. N/j KOX 0-0518 j,mi. IM>. 
lPh-2K()N 21T(;i. 

The cyaiinle is standardizi'd by a pure lead salt. 

6. Zinc Dust. 

Ziiirdiisl consists of an miiinatc mixture of liticly divid(‘d metallic 
ziue (up to ovei' 00per eeut.)aud zineo\id(‘, t(>^ether wilh sonu* cadmium, 
iron, lead, arsenic, small particles of jfround ore, and carbon. In com¬ 
merce a, jirodiH-l containing; a ^oiarantixul confmil of OO per c(ml. of m«*tal 
is iisnallv dcmaiulcit. 'I’Ih* r«‘al content of mclallic ziiie <-a,n onlv be 
aiTi\’c(l a,t by a com]tlet<‘, anaivsis. 

The volume! of bydruj;cii ybddcd by it on treatment with a.eids a|)pi‘ars 
iobi'lbemost ae<-(n'a(i‘, as sii^^;;cst(nl by K r c s e n i u s or by llarncsP 
This ina,\ veiy wtdl be done in tlu^ nilronK'tcr with decomposiii}; Husk, 
comparing ibe voliinu' of y^as vudde<l b\ pure zme and the sample of diisl 
under examination. 

Ij d (‘ \i o ti i c k - has shown tiiat it is necessary to aaoid india-rubber 
connections in tin* apjiaratus used, as otherwise' tlunv is a loss of liy(ln>ifen, 
due to dilliision. 

Many oMim* methods have l>eon pro]ioscd for the valuation of this 
substanee. 'f’be Ixist is that of K 1 e m p,-^ wliieb is as follows - 

Solutions Required: (»0 Potansium lodate solution, containing 15*2.5 
gm. |)(‘r c.c. 

(/») FolatiHiam }[ii(lrox{d<\ —420 gm. per lUri*, or sodium hydroxide 
:i(M) gm. per litn*. 

The Process. —0*5 to 1 gm. of the well-mixed zinc dust is w<*igbc<l in 
a tuivc, and i)oijri‘d into a 2(K) c.c. stoppered flask, tlic tube being again 
vvcigb(‘d, Por i‘vcry hi giu. of zinc presimt lb c.c. of t be c.iustii-alkali 
solution (/*) and 3 c.c. of the potassium iodate s(»lulion («) art' mcasiirctl 
into a hcakt'i* and tlnni poured into the flask. Some gla'-s beads an' flu'u 
atidi'd, and the flask stopiicred ami sliaken for 5 miimb's in tin' ctild, no 
advantage ln'ing gaiiu'd by beating it. The contents are tlien washed 
into a 250 or 500 c.e. flask and made up to the mark with water. 50 or 
lOOc.c arc now pipetted into a distilling flask, acidified with snipbnnc 
acid, and thi'iodiiK' so set fn?(‘ distilh'd into potassium loduh'solution, 
and titrated with tbiosiilphati'in th(‘ usual way. The following rc.actions 
take jiliwi':— 

15/11 + mum -- 15/n(Olv)., I- 15H, 

5K1(), + 15H„ 5K1 I- loHjO 

5KI + ICIO, + fill.,SO. - fiK^SO, -I- 511,0 i- (U. 

Tlu'refore (»I eorrespond to 15Zn, or I gm. of iodine to 1*2870 gm. 
£\n<‘.. 

T/. .S', a I., 1886, 5, 2 UmL, 1908. 27, 450. 

'X. a. <\, 1890. 29, 253. 
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A simpler method has I)een devised by A. R. W a li 1,’ but like many 
others it giv(!a no ])rotcetioii a}<ainst metallic* iron, but this of (jourse van 
l)e asctertained bv other means. 

ft was found that when solid ferric siilpliate is added to zinc dust 
suspended in a littl(! (•(►Id watei' with eKcIusion of fr(*(* acid, a reaction 
occurs with evolution of hciat, and the zinc (piickly and totally dissolves 
wdth formation of a clear j;i'(*(*nisli solution. A small r(>sidue rinnains 
c.onsisLlng of lead and otlnn* impurities. 'I'he ^,olufiou of the zinc takes 
place without any (wohition of hydrogen, and tli(! n‘action is thci'efore 
repres(‘nt(‘cl by tin* e<piation—- 

+ Zn - ZnSO, + 2FeS(V 

When all lias dissolved, it is only n(V(fssary to acidify tli(5 seliition with 
sulphuric acid and titrate with jxuanan^^'inate to find the (jtianiitv of 
ferrous salt formed, and hence tin* (jnantity of metallic zinc in tln^ sample 
under examination. 

PmccAKATioN (JF PuKK Ffkuic SuLi’HATR.— 500 gill, of piiro fiirvous sulphate 
are dissolved m as little water as possible, and to it arn added 100 gnu of sulphuriu 
acid and gradually 210 gin. of mtrie acid (00 per cent.). On adding the iiitrie 
acid, torrents of nitrous gas are evolved, the solution acquiring a nearly black 
colour, which disappears again wlieii the whole of the acid is added. The solution 
is evaporated on the water-bath until it becomes solid, wheu it is ground with 
alcohol in a mortar, put on a filler, and washed with alcohol until the filtrate is 
no longer aciii. Th6 product is theu dried thoroughly on the wator-batli to re¬ 
move all alcohol, and the salt, which is a perfectly wlute powder, is kept m stoppered 
bottles for use. 

Mkthou of Pkocedoke : About J ^mu of zinc dust is put into a 
stoppcrinl 2.50 c.c. flask and to it ari* added 25 c.c, of cold water. The 
mixlure is agitated, and when the zinc is thorouglily suspmuled, 7 gm. of 
ferrkt sulphate are added. Tliere is a gentliMwolution of in^at, and after 
shaking fora ((iiarter of an hour the zinc will have completidy dissolved, with 
the exception of a slight residiKiof impurities. 25c.c of strong sulfiimrie 
lU'id are then addiid, and the flask is mad** up to the mark with water. 
50 c.e. of this solution, after •dilution with 50 c.c. of water, are titrated 
with standard permanganate. 

From the (luantity of tlie latter employed, the percentage ol metallic 
zinc is at once found 

Another method (by A. F r a e n k e I) - is as follows : — 

One gin. of tlie sample is weighed into a dry stopjMU’ed 200 c.c. flask, 
mi.xed witli 1(M> c.c. of potassium dichromate solution (50 gm. |H;r litre) 
and 10 c.e. of 1 :5 sulphuric a(.*id, and agitated for 5 minutes. Another 
10 c.c. of acid are ttien added, and thesiiaking continued for 10 or 15 
minutes, wlien ever\'tlung, except a small earthy residue, shmild he dis¬ 
solved. The liquid is diluted to 500 c.c., and in 50 c.<^ thei'eof the ex¬ 
cess of dudiromate is determined by introducing 10 c.c. of 10i>ercent. 
potassium iodide and 5 c.c. of sulphuric aidd, and titrating the liberated 
iodine with decinormal thiosulphate. 


V. C. /., 1897, 18. 15. 


Aruilyst, 1900, 2B, 279. 
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7. Zinc Oxide and Carbonate. 

B C! n 0 d i k i and Cantor^ sliow tliat zinc oKidt; and carbonate ean 
he accurately titrated rosiduaily with standard acid and alkali, usin^^ 
iiK^thyl eranj^e as indicator; and otlnu' zinc salts, usin^ ))lienolj)lithalein. 
Th(‘o\i<le or carbonate is dissolvcsl in excess of acid, and Lin'ex(M‘ss du- 
terniined ])y soda solution. 7/\m salts ai^i dissolved in wat»M'(50 e.c. to 
O’l } 4 in. ZnO), |)henoli>litlialein is ad<i('d, arnl then standard soda solution 
to intense nnl colour. A few more r.r.. of soda are then mlded, the 
inixtnnMs ))oiled for sonn^ minutes, and the excess of soda titrated. If 
either free acid or zinc oxid<^ js present in the zinc salt, it is in'utralized 
in pn^s<‘nce (d methyl oran^<? bv alkali or acid, as the <*ase may l)e. 


^ •iii'ii’w. , IH,S8, 2. ‘<^'1*' 



TART Vr. 

SPECIAT. ArPlACATIONS OFTIIR VOlAJMETRId SYSTEM TO 
THE WAIiYSIS OF OlKiAMO SFUSTANCES. 

ACETONE. 

Oinu'Hn l-l\(‘loiir CO(CH -- 5S-()4H. 

Af.i.ToNK is an inijiorhuit consfitnoni of wood-sjiirit ami is lar^^oly 
as a. sulvt'iit in Mio inatniract-urc of cordito, flio insoliiFK^ (•(‘llulost' 
nitratci hpinj; i»y its ani worked into a liotno<;(ni(‘oii^ iiiixliirn with tlio 
niIro^lvo<‘riiu‘. For sui-h jnirjjosos tli(‘ ac(‘tonc must lx* fm* from hijjli 
hoilinj; con'^tiiiuMits and l•^|)o^iaily from a(Md or at-id-forminj' sid>sfan<'('s, 
\\lii<‘li arc injurious, 'Fho Brilish (lounainu'iil spncilication ’ for arct(nR‘ 
is as follows : — 

“TlH‘rn|uiil t’s ti»i 1)0 <f^^nuilu‘Ai'oioiu' and must oonlain no oth(M‘in- 
;ir<‘di(‘nts ovx'pt small (juantiti<‘s of substa.nc(*s which arc normal hy-pro- 
dnciS of the manufacture ol AciOono. It must lie colourless and ahsolutoly 
transparent, and when mixed with distillcMl water in any proportions it 
must sliow no tnrf)idity. It must l(aLve no residne hen (“vai>orated upon 
a l)oiline wah.T-hatli. 

“ The sp, };r. must not I)e treater than O-HtH) at I.r.V C. compared with 
water at the same tem[»eratiire. 

“ ()n(‘ cnl)ic centimetre of a Odd [xM'cent. solution in distille<l water of 
pure p(‘rmaneanare of |)otash added to l()()<-uhic cent i met r<‘s of the A<'efon(‘ 
ninst retain its distin<-tive colour for not le^s than lid iniiintes. 'I’liis test 
is to he coniliK-ted at a hunperature of 15'iY (k 

“The Acetone is not to (xjntain more than O'dtHi percent, of carbon 
dioxid(‘, aiul is otherwisj* to lx* (|uite neutral.'’ 

Tiie above strinf;ent retjuinMiients ensure that only the middle fractions 
from the distillation of acetone from acetate of lime are supplied, an<) that 
the acetone is not contaminated with forei^m nia.tt(*r, and contains no 
more than traces of any substances except ethyl methvi ketone, an<l only 
a small <pianlity of that.^ 

Commercial acetones nuiy eontain l)oth liasic bodies and acids. Tlie 
basic bodies and strong acids may be determined by dilntinga measured 
volume of the sample with an eipial volume of boiled distilled water, add¬ 
ing 2 to 4 droj>s of a saturafixt solution of paranifroplienoi in water, and 
titi'ating W'ith standard acid or alkali solution. Wiiak adds may he de- 

' TJiis was kiiiilly «u{)plied by the Dirwtor of Propellant Supplies, Ministry of Muni¬ 
tions of War, in November 1918. 

2 M a rs h a 11 “ Aceton« : its manufactiirt; and purification,” ./. .S'. C. 1904, 23, 646. 

264 
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teeted and determined by mixing? with water ai? heforc, boiling for 5 or 10 
minutes, adding plienolphthaloin and titraiiiif; witl) standard eaustic alkali. 
Carbon dioxide is readily determined by adding water and phenolphthalein 
and titrating at ouee without boiling. 

Conroy^ points out the iniport.inc^e of protecting from light all 
samples of a<'etone intended for te.sting. 

Acetone may be detertnined by M e s s i n go r ’ s method,2 vvhich de¬ 
pends upon the fa.(d/ that wlien ae«‘ton<; is treaf<‘d with iodine ;i.nd [H)t;i,sh 
iodoform and polassinin acctali' .u-t* formed. It is <'arri(‘d out as 
follows : - 

‘Jfte e. of KOII and 1 f(t‘Je.e. of the sa,tuple (e.g. methyl alcohol) 
are measured into a stoppered 250 c.e,. Mask, the mixture well slmloni, ami 
allowed to stand for 5 to 10 tniimtes. "/s io<line solution is then run in 
from a, burette, droj) by drop, vigorously shaking all tlie linn*, nnfil the 
up|)er ])ortion of tln^ solution, after staaiding a. juinute, b(‘<-ome> <nji(e 
el(^ar. A few more r.r. of *^ 5 iodine are added, as an (*xees» isesNential. 
Aft(‘i’shaking, file mixture* is allowed to stand lor 10 to 15 minutes and 
then 25 e.c, suljdinric acid are added. TIu* e\c(‘ss of ii)dine thus 
lil.HM'ated is then titrated witli*^/io sodium thiosuljihate solution and 
starch. 

bet It he the c.c. of ^'5 iodine hy tlie af-etonef.- volume 

aeldod less half the volume of thiosnlpliate l•(M^uired), m ho the e.c. of 
sample* taken and then 

" 0-1 o;m , ...V •' 

- gm. ol ac(‘ton«‘ per 100 c.c. 
ni ^ ‘ 

This includes as acetone any aldehydes, etc., cafiahle of xielding 
iotloform hy tliis road ion. 

R a. k s h i t ‘ has show n that ;i. correction of 1 *0 c.c. of ”'10 iodine !='Oln- 
iion niiisl he made for each c.c. of cthvi alcoliol, a-ml for each c.c. of 
methvi alcohol C o 0 d w i n ^ finds (hat tln^ I'orrcction is 1 c.c. of iodine 
solution. 

ANILINE. 

- oa ooi;. 

.-\ I'lKH’Kss for ehderniining aniline or its salts has Ikm'ii <levise'<l h\ A|. 
K ra nco i s.s The method d(‘|)(‘nds on tin* fact that if hromine w'a,t(‘r is 
added to an aniline solution, w Inch I'ontains a. little solnlile imiigo as indi¬ 
cator, the hromine does not act on the indigo until all tin* aniline has been 
<*-onverted into trihroin-aniline. 

Mkthoi) of l‘uorKi)rKK : The hromine water (5 ^m. broniim* in 1000 
c.e. wat(‘r) is standardi/od by means of an aniieons solution of aniline 
hydrocliloride, wliich contains I ■;\02gni. of tln^ pure salt in 1000 c.c. (1 c.c. 

' 0 001 gm. anilim*). 'riui bromine water, if exp(>s<*(l to tin* air, is con- 
tiinially losing bromine ; it is, therefore, essmitial to use a burette of sneh 

b/. s. c /..1900,19, 209. 

2 188«. 21, 3(566 ; also S, C. A, 1889, 8, 138. ^ Ana/i/sl, 1916, 41, 246. 

b/. .1. C N., 1920, 42, 39. b/. /Vmrw.. 1S99, 521. 
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capiK^if-y ihat it contains enoupli bromine water for both the standardiza¬ 
tion and determination without refilling; to close the end of tlie burette 
with a plug of cotton wool; to find approximately the number of e.(;. of 
brotuine water required, and then in the final titration to add nearly the 
whole at on(*e in order to avoid the slight loss of bromine wliich occurs 
when drops of the solution fall through the air. The method may he ap¬ 
plied to solutions containing aniline or its hydroehloride, the presence of 
ammonium chloride does not vitiate the result, and finally, if fhi'solution 
to he titrated contains mineral substances which would react with the 
hromino, the aniline may he Mherated by potash and distilled in steam. 
T1 h‘ di'gne of ilihition of tin' aniline solution do<*s not infliu'nce'the result. 

Another nndhod d<‘vis(>d by ItiMiihardt is described by Lieh- 
niann andStuder,' who us<'. a slight modification of it fordch'rmiii- 
ing a,inline or mi\ihri*s of auilinc and o- and p-toiuidines whieli are 
sound imes present in teclin leal oils. R<*inhard t acrcomidislu's this by 
titration of the oil in hydnfhruinic and sohilion by polas^inin hrninah* 
and bromide. 

Aniline reipdros llirec niole<-ul(‘s of bromine to form trihrom-aiiiline, 
whilst 0 - and /otolni<line only absorb two molecules, 

.Mkthoi) of Pkooeduuk: Reinhar<lt ))repar<‘s his standard solu¬ 
tion by lioiling 4H0 gm. of Itr with tilib gm. of KOII (MM) per cent.) and I 
litre of water for 2 to hours, tlien <lilules to h litres. 

Hypohroinites should not he pri'sent. 

To carry (nit j;he analysis, lie dissolvi's 1 •5 to 2 gm. of oil in MXM) c.c. of 
water and 100 c.c. of hydrobroniic acid of J '4 to 1 *5 sj), gr. I le adds Ins 
hroniate solution until iodizeil starcli-pajx'r indicates the javsciico of free 
bromine. 

The following eipiation giv(“s him fhc result - 


X + (VT - X) ',[1^ 


o 


^ A or X 


107 

in 


VT - 


62 

45 


A, 


in which X im^aus aniline, V the volume of l>roma,h‘ used. T its tiler, 
and A the weight of oil used for analysis. Toluidiru^ is found liy differ¬ 
ence. To didcrminc! the rc'hitive quantities of o- a,rid p-toluldine, use is 
made of the property of j>-folnidinc and aiiiliini to lie jirecijiitaicd from 
their hydrochloric acid solulion by oxalic acid, whilst c-toluidine remains 
in solution. 

160 gm. of the oil are dissolved in 106 gm. of IfCI of 20'* B., and tiio 
mixture is then aildcd to a hot 10 |i(‘r <*ent. solution of oxalic; acid. 

The solution will at first hcj cltiar. It has to stand for 4H liours, Tire 
oxalates, which will then have separated out, arc; filtered and washed three 
times with 25 c.c*. of distilled water. 

After decantation with liot dilute; KOH (100 c.c;. KOH 45“ B., 200 c.c. 
HjO), thcoil is separated, weighed, and finally titrated by ilie bromine 
solution to fincl flu* aniount of /j-toluidiiic prescuit. 

Llehmann and Stucler liavc; adopted this rnetlioc), with slight 
moclific-Htious, for determining the aniline and toluidine oils, and also for 
analysing the aniline salts. To prepare the stanclard solution, 10'7 gm. 


«./. S. C /., 1899, 18, no. 
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of pure potassium bromate and 59*6 gm. of potassium bromide are dis¬ 
solved in 1 litre of water, and standardized by titration with sodium thio- 
Bulpliato, using potassium iodide and starch as indicator. 

For aniline they have found that concentrated hydrochloric acid can 
be used as solvent instead of hydrobromi(; acid, ])ut that tlie lathu* is 
essential when toluidines are present. Instead, liowover, of using ordinary 
hydrobromic acid, they found that by dissolving 100 grn. of pobissium 
bromide in 100 c.c. of hot water, and 1(X) ('.c. of hydrochloric acid, sp. gr. 
1'18, an acid is obtained which gives ;iccurate results. 

For pure aniline O'a gm. of the oil, or about 0-C gm. of salt, is dissolved 
in about 500e.e. of water and 30 e.e. of pure bydrochlorieacidof J*l8sp.gr., 
and the standard s(>lntion a<Med until a distinct excess of bromine is ob¬ 
servable. Ttu‘ reacti<ui grows slower at the «uid of the opei'ation, but it 
is found that to wait for 2 minutes is (juile suftieieiit to <lefermine 
wbetlu'V fre<‘ bromine is present in solution or not. Tlie excess of 
bromiiK* is <l(dermined by titration wilh thiosul|)ha(e solution, using 
potiissium iodide and .starch as indie:i,tor, G c.e. of the thiosul[)li;ili*^eoiTe- 
sponding to J e.e. of ilie liromate solution. 

For aniline containing ioluidinoOT) gm. is dissolved in 32 e.e. of hydro- 
bromie a<‘id, prepared as abovex and oOO e.e, of wahu*, and the titration is 
earri<‘(l out in tlu; sa,me way as with |)nre aniline. A number of analvses 
of aniline oil and salt ami of mixtures of aniline oil with loluidine of 
known e(uup(»silion gave exeellmit ix^sults. 

Another method has been adopted of carrying out i n h a r tl t’s 
process for determining the aniliiu' and toluidinc in aniline oil, wliieli dc- 
p(*nds on the lirtuniiiation of tlic'se two amin(‘s l)y potassium bromatii in 
hydrobi’otnu* acid solution. 

All 8 pi'r cent, solution of pure potassium bromate is prepared, tlie strength 
being determined by mixiug 25 c.c. with 5 gm. of potassium iodide and 3 c.e. of 
25 per cent. liydrobromK' .acid solution, and determining, by titiation with standard 
tliiosulphatc, the* iodino set free according to the equation : KbrO., + Gif Hr + OKI 
= 31., + 7K13r + 3lU.). One gm. of iodine corresponds to ()•21‘J3:^ gm. of |K)tas- 
siuin bromate, that is, with 0'i2225 gm. of aniline, orO’l^Da gm. of toluidiuc. 
About 1 gm. of the aniline oil is dissolved in al'out GO gm. of 25 per cent, hydro- 
lironiK- acid solution, and the hroinato soluti<m run m until tin* clear liquid above 
the bromifle ]nocipitato assumes a yellow coloration. Tiien, if a is the weight of 
oil taken, n thenuiiihorof c.c. of bromate .solution employoil, f„ and ti the amounts 
of aniline and toluidinc respectively corresponding with 1 c.e. of the hromate solu¬ 
tion, the porcentiige of aniliiio in the oil is given by : l00/«(n/( -- - l„), and 

that of the toliiidine by 100b(<t - uta)ja{ti - (a). 

Auilim' liydroehloriile iimy lie titrated din‘et by standard e;instie 
alkali, using phcnolphthahdn or litmus (but nut methyl orange) as imli- 
eator, as it acts exactly like an equivalent quantity of free hydroehlorie 
a<dd. The jiresence of neutral ammonium salts lias noiletriiuentai etfoet. 

AZO-DYES, NITRO- AND NITROSO-COMPOUNDS, Etc. 

Dr. hb Kneeht’s Process. 

Thk powerful reilucing jiropcrties of titanous chIori<ie (TiCl.,) render 
this reagent capable of being put to a variety of uses in volumetric 
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analysis. Thus, in addition to its uses in the volumotrir determination 
of iron (an<i arsemc), it lias been found availalilo for the oxfict determin¬ 
ation of several series of aromatic compounds, including the azo-com¬ 
pounds, tlie nitro and the nitroso-compounds. In all the cases hitherto 
observed, the reduction takes place in such a manner that each azo-grouj) 
present re)|uires (in accordance with theory) four cipiivalonis, eiudi nitro- 
group (NO 3 ) six e(|uivalents, and each nitroso-group (XO) four equivalents 
of TiOI.,. Thus with benzene-azo-betanaphtliol, tlu^ rcjiction fakes place 
according to the following equation - 

C„1I,.N ; SA\J\,OH -r 4Tiri, -s 4HOI - 
<\H,NI!3 + 0,„fI,i(OH)(NH,,) + 4TiCli 

with [ucric acnl, 

(’jr.fOHKNfU, 4- iBTiri, + ihitoi • 

C,;H.(OHXNn.,),, + 18TiCI, + 
and with niti\)>odiniethvlaniline, 

Cflir,.'N(OH.}... NO + 4TiCI, + 4H0I - 
c;u,. N(CH,)>. NIL, + 4Ti(^I^ -i- II.O. 

In using tilanoiis chloride for these determinations, it is essential that 
th(‘ reagent should be kepi out of contai't witii the air, both in thi' storage 
vessel and in the burette, and for this purpose* the arrangeouent shown in 
fig. 41 sliouid be used. 

Tlie most suitaldo strength of titanous (-hloride for titrating is a I 
per cent, solution, obtained by diluting the eomiiiereial prodiiet with 
water. For this'purpose 50 c.c. of tlie e.oiiimiireial 20 percent, solution 
are Jirst mixed with an e(puil volume of strong hydroehloric acid and 
boiled fora few nnriiitcs in a Hask. The solution is then made up to a 
litre wilh distilled water which has been jircvioiisly lioiled. The method 
of ascertaining its strength is shown on page 211. When two or more 
titrations agree, tin* iron value perc.c. of the titanous chloride solution 
is easily calciilat(‘d. 

in case the azo-roiiipoiind under examination is not precipitated by 
dilute hydrochloric acid, it may be tilralcd directly, its own inbuisecolour 
serving as indicator. 

For the titrations a solution of O’o gm. of tile dvesUilV is made up to 
500 v.A\ with distilled water, and of this JIKtc.e, are taken. 4'he following 
exampk^ may siu'vo as a,ri illustration : 

CuYSTM.ScARURTfUl. C.jiHj.^N.^S.OyNju + 7II.2O (colouring matter from alpha 
naphthylanimc and G. salt). 

0*5 gin. of tlie dyestull was dissolved in distilled water nnd tlin solution iiiade 
up to r)00 c.c. (,)f tins, IDO c,.o.. were measured out into a coukmiI Mask aud, after 
adding about 10 c.<-, coueeutrated hydrochloric acid, boiled for about a mmute. 
This amount required 22*5 c.c. of titanous chloride solution. 

The calculation is us follows :— 

1 c.c. TiCla = 0-00158 gill. Fe 
and W‘> gm. colour require by theoiy 224 gm. Fe. 

(H)D 15H X 22f. X 502 

. --- - 0-08002 gm. colour. 

Calc. 

And 1 gm. contains 0*8002 or 80-02 per cent. 70-96 
Water of crysl. at 110” C. = 19-06 „ 20 04 


Total 99-98 


100-00 
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In tlic oaKO of dyostuffs which, like the majority of tiie benzidine 
derivativ(w, mv thrown out of solution by liydrochloric acid, the reaction 
is too slow and the end of the reaction often not suiricicntly sharp to 
admit of cxtud, dotenninations. In such cases it is best to run an ex¬ 
cess of titiinous cliloride solution into the boilinj; solution of the dyestuff, 
takinjf the |>recaut[on to kc(‘)) a ^'entle cnrnuit of (iarbonic acid pa^sing 
into the flask by a tube which almost touches the surface of the li(|uid. 
The rc'duction will usually he completed in less than 2 minutes, when 
tlai flask is coo]e<l m\d<u“ tlu^ ta)). without, however, interruptin'^ the 
current of carbonic acid. When cold, tiu'(‘\cess of titanous cliloride is 
dctiMMiiined as already descriheil hy running' in iron alum solution of 
known strength (but proferalily nearly ecpiivalent to that of the titanous 
chloridi' solution) until a <lroi> (akem out and spotti'd on jiotas^ium sulplio- 
cyanidc solution just shows a red colour, lly subtracting tlio mimhor of 
c.c.’sof th(‘iron alum solution (or their (‘quivalent in titanous c.liloride, 
slioukl tile two solutions not be of «M[ual strength) from the lotal number ' 
of e.c.’s ol titanous cliloride run in, the exact anmimt of the latter used up 
ill the ri'iliictioii of the dyi^stufl is aaTived at. 

'I'lie following examjile will serve to illustrah' llic ap[)lication of the 
indin'ct method:— 


JtKN'/opcurnuiN 4 ih C.^H.^;NpS.jO,.K,, + Il.p (potassium salt of tho colour¬ 
ing matter from toluidmc and naplithionic acid). 

0 T) gm. of the dyestuff is dissolved m distilled water, and the solution made up 
to 500 e.c. Of tins 100 c.c. were measured into a conical ]lc,sk and boated to the 
boil. 10 c.c. concentrated hydrocbloric acid and 50 c.c titanous cbloridc solution 
wore then added, carbonic acid being passed into tho llask. The contents of the 
flask were now boiled for about a minute, when completi; reduction took place, 
and, after cooling, the solution required 22’9 c.c. iron alum (equivalent to 21’0 c.c. 
titanous chloride). The excess of titanous chloride addl'd was therefore 21’0 c.<\, 
and this, subtracted from 50, gives 29-0 c.e. titanous chloride as having been used 
for the reduction. The calculation is as follows :— 


1 c.c. TiOI., - 0-001845 gm. Fe 
and 75(1 gm. colour n'qmri' by theory 448 gui. Fe. 

0-001845 X 29 x 750 /wvio.w- i 
-~t48-~ 0-0902(» gm. eolrnir. 


F.x.iiiiil (1:ilc 

And 1 gm. contains 0*9020 or 90-20 pi'r cent. 90*88 per cent. 
Water of ervst . , . 9-08 9-07 


99*^9 lOO'OO 

For t.lm lictormiiijition of picric m*i(i ami othm- uitro-compoumls, it i8 
also m.M'cssary to cmiiloy the indirect mctliod, tiio cud of iim n'aciioii not 
being pei-coptiblo by tho direct method. 

CARBON DISULPHIDE AND THIOCARBONATES. 

CS^ - 76*12. 

For th(‘. purpose of dotorminiiig carbon disulphido in the air of soils, 
gases, or in thiooarbonates, Gas tine' has devised the following pro¬ 
cess 


24 


U,Wip/. 1884, 98,1588. 



370 


CARBON DISULPHIDE AND THIOCARBONATB8. 


The gas or vapour to be tested is carefully dried, and then passed 
through a concentrated solution •>f recently fus(*d jKitassiuju hydroxide in 
absolutti alcohol. Th(‘ prehcnce of even tnuM's of water seriously diininislies 
the delicacy of llie reaction. Th»‘ alcoholic s(>luli(ni is afterwards neutral¬ 
ized witli acetic aci<l, dilutefl with water, and tested l\u‘xanthic achl by 
ad<ling copper suij)hate. 

Jn order to determine the distriliution of carbon disulphide introdnce<l 
into tile soil, 2o0 c.o. of the air in tlie soil is drawn hv means of an as¬ 
pirator through snlphiiric acid, and then through hiilhs eontainiug the 
aleoiiolii* potasli. For (piantitativc diderniinatioiis, a. larger (pjaiitity of 
air must lai used, and the xanthic acid formi'd is deteruiiiuMl by means of 
the reaction 20jlI„0S.j + 1^ = 20;|IIdi^S + 2III. The alkaline solution is 
slightly acidifie<l with acetic acid, mixed with excess of so<linin hicarhon- 
ate, and titrat(*d in the nsnal way with a solution of io<lirie, containing 
1*68 gin. \n\i‘ litre, I c.c. of which is eijuivalent to I mgin. of carbon disul¬ 
phide. 

Toap])ly this method to tliioearhonates, aJ)out 1 gm. of tli(‘ suhslanci*, 
together with al'out lOixc. td watm*, is introdiiCMKl hit<» a small Husk a.nd 
tlecoin|)Os(M] by a solution of zinc or copp«‘r suljihate, tlu‘ flask being 
heated on a watcr-halh, and tlui evolvcil carbon disulpliide ))assed, first 
through sulphurii; acid, and then into alcoholic potash. In the cas(^ of 
gaseous jiiixtures of c,irhon disulphide, nitrogen, hydrogen sulpliide, 
carbonic anhydride, carbonic oxide, and water vapour the gas is passed 
through a strong ^aqueous solution of potash, then inti* suljiluiric acid, 
and finally into alcoliolic potash. The thioi'arhonab' formeil in lias first 
flask is deeornposed by treatment with cop[)er or zinc suljiliah* as above, 
and the xanthii* acid ulitained is twlded to that formed in tlu' third flask, 
and the wliole titrated with iodimx 

Harding and Doran's Method.' For CS... in Benzene. A 

known volume of the benzene is siiakim in a separating funnel witli a solu¬ 
tion of i>otassinm hydroxide in absolute nlcohol. After staiuling half an 
hour, the rnixtun^ is extracted sevtu'al successive linu's with wahu’ con¬ 
taining a little alkali, about 40 <‘.c. of wider and 1 cm-, of alctdiolic potas- 
aiuin hydroxiile solution iMung used eiu-h time. The miueous (extracts 
are diluted to a known volume, and a portion is acidified with a<-<‘iic iwdd 
and precipitate<l by the addition of a distinct excess of standard ciqiric 
acetate solution. The preci])itate is stirreit for about JO minutes, eoih-cted 
on a filter, and washed with four quantities of water, using 15 e.c. eiK-di 
time. About 3 gm. of jiotassium iodide are addeil to tin* filtrate, and 
the lilxii'Hted iodine is titrated with a sodium thiosulphate solution whose 
strengtJi in terms of cujirie acetate is known. Tlic authors find that tlio 
ratio of CuO to OS.^ is 1 to 1-927. This ratio approaciies nearest to that 
between cupric oxide and carbon disulphide in cupric xanthaU*, wific-h has 
the formula (CS. 0()2}ljS)2Cu, and in which the ratio is 1 to 1*9120; this 
tends to strengthen the belief tliat the compound formed is cupric 
xanthate. 

For eSa in Illuminating Gas.~Tlie methoil consists in passing the 
gas through a meter, absorbing the carbon dioxide with potassium 


J A. V. S., 1907, 29, 1476. 
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hydroxide, drying tlie gas by moans of (toneontratod sulfihiiric arid, and 
absorbing the earl)on disulphide in an aicoholic solution of |)iitassiiira 
hydroxide. Tlie water in the meter must Ix! saturated previously with 
gas, and .about 3 enbic feet of the latter are emi)loyed for thi^ d(!termin- 
ation, the gas being allowed to How at the rate of 0-5 enbic foot per hour. 
The .xanthate, solution obtained is boiled to exjiel absorijed gases, cooled, 
acidified with acetic aeiii, and i)i'ecipitato<l by tlie additioji of standard 
cnprie, ae(d.afe solution. The determination is then carriisi oiit as dte 
seribed abovac 

For a critical examination of the various methods for the determin¬ 
ation of carbon dianliihide, sixr Spicimann and .lones, ./ S [. 
191!». 38 , 185 1 '. 


FORMALDEHYDE. 

H.OHO - tiOOIO. 

Titis substanec is met with in cornmei’ce in the form of a 40 ])er cent. 
(by volume) a.(|n<«ma solution (“ Formalin ”) containing iisnallv from HO 
to .98 ]KM' cent, by weight (tf formahlehyiie. Solutions containing more 
than 40 per cent, of formaldi'hyde polymerize spontaneously to para¬ 
formaldehyde. 

For the pnipose of determining formaldehyde in solutions the follow¬ 
ing jirocesses ai'C employed : 

Lkulek’s Methou: This methoil is based on the following re¬ 
action 

CCH 5 O + 4Nlb, = (CH.)»N, + IIH., 0 . 

1'’rom this we lind that 1 part of ammonia repiesents 2-(i4;l2 parts of 
formaldehyde. Ilexaniethylene-tetramine, Nj(ClL),., is formed as a con¬ 
densation product. 

Method of I’ltocEiumK: The solution to be tested, if slightly acid, is 
shaken with calcium carbonate, and R c.e. of the clear supernatant liijnid 
are treated w'ith 100 c.e. of "/j ammonium hydroxide and kept for a day 
at the ordinary temperature in a closed vi'ssel. The excess of atnmoninm 
hydroxide is then titrated by "/j HCI, using litmus as indicatoi’. 

Let n e.c. of ''/2 MCI be rerpiired. 

Then (100 - u) e.c. of ”,'2 ammonia have beeti uscjI, 

This contains (100 - n) x O-OOHolT gm. NHj and equals (100 - a) x 
•008617 X 2'6432 gm. formaldehyde in 5 c.e., or (100 - a) x 0-4602 gives 
gi’ams foi'inahiehyde in 100 e.c. 

K. Lessing states (in Thorpe’s })icl. of Applird Chemistrif) 
that Ltgler’s method gives low results ; also that “For impure con¬ 
centrated solutions the method of Blank and F i n k e n b e r g e r may 
lie em|iloycd ”. 

The error of the method is due to (1) loss of ammonia, (2) tendency 
of the weak hasc liexamethylenetetramine to combine with acid, and ( 3 ) 
liability of the base to ilissnciate into formaldehyde and ammonia. 

Bla.xk and ItiNKENBEKOER’s METHOD' 1 It is based on the 

^ /Irrtr/Ur, 1898, ‘2979, also Analyst^ 1899, 24, 92. 
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oxidation of formic aldehyde to formic acid by peroxide of hydrogen in 
alkaline solution, and titration of the (‘xcoss of alkali. 

Method of 1’uooedure: H gin. of the solution of formic aldehyde 
under examination (or 1 gni. in the case of a solid) ari! weighed out care¬ 
fully and j)la<-ed in a tall conical flask containing 25 c.c. of twice-normal 
soda (30 c.c. \\’hen the concentration of the forinii' aldchyilc is greater 
than 45 pM’ cent). The mixture is then imuKHliately treated with 50 e.c. 
of i>croxi(hi of hydrogen at from 2*ri to 3 per cent, strength ; in the case of 
the peroxide having an acid reaction, the acidity should he determined 
and (leilueted from tlie final result, d'ho peroxi<l<‘ of hydrogen must he 
added gradually (taking ahoiit 3 minutes) l»y means of a fiimicl; after 2 or 
3 niinulcs tlie funnel is rinsed with water, and tlie excess’ of alkali is 
titrated with a twi<*e-normal solution of sulphuric acid ; in very exact 
analyses the water used for rinsing sliould be l)oiled Mrst to drive off any 
carbonic acid. Litmus is used as an indicator. 

With solutions containing less than 30 ]M;r cent. <if lorniic aldc'hyde the 
mixture should he allowed to stand for about lOininules after the addi¬ 
tion of lli(“ |K‘r<)\id<^ of jiv<lrogeu, for th(‘ reaction to lie com))lete. 

The volume <>f standard alkali usc<l, multiplied by (>, gives the 
formahlehydo in 1 gm. of the solid or, miiltipiicHl by 2, in 3 gm. of the 
solntion. 

The reaction lakes place with the disengageunent of a considerable 
amount of heat and production of froth. 

Kx^ieriments Oii other aldehydes did not give satisfactory n-sults. 

A further method, especially a[)plicahle to dilute solutions, is furnished 
by R, Orchard.^ It is based on the reaction of formaldehyde with 
ammoniai'a) silver solution, and in this process it is arranged (quantitatively, 
and can be carried out citluir by weight or the residual silver found volu- 
metrically. 

Method of Pkocedure: In the actual (‘xqxu’inKmts 10 e.c. of an ap¬ 
proximately 0*1 per cent. solution of t'ormald(‘hyde were addcnl to 25 e.c. 
*^/ia silv(*r nitrate, 10 e.c. of dilut(‘ ammonia (1 of 0‘3H solution to 50 of 
waiter) added, and the whole boiled in a coni«‘al flask attat^hed to a rellux 
condenser. 'I'be precipitate, after filtration and washing, was ignited and 
w’cighed as metallic silver, and as a cJuMik tin* exi'oss of silver was detiu*- 
mined in the filtrate as silver chloride. As the first expm'imenis showed 
that the reduction was incomplete after boiling for lialf an hour, the 
boiling was continued for 4 hours. In order to asciudain if any loss 
took place during boiling, a duplicate determination was made, in which 
a bottle with a tieil-dowai stopper, heated in a water-hath, was employed. 
The actual results obtained were in the first case O'O]038 gm. formalde¬ 
hyde, and in the second 0-0104 gm., consequently there was practically 
no loss. 

In the calculation, as one molecule of CH-jO reduces two molecules of 
Ag./>, the weight of the precipitated silver multiplied by the factor 
0*0690 gives the weight of the formaldehydes, and 1 c.c. **/io silver nitrate 
coi're8j)onds to 0-00075 gm. formaldehyde; it is, tlierefore, possil)le to 
delcrniinc extremely small quantities by this process. 


* A nalyst, 1897, 22, 4. 
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A number of experiments were carried out on the determination of 
formaUltihyde l)y (J. R o m i j nA The methods of h e g 1 e i’, B r o c ii e t, 
and C a in I) i e r were stmlied, and tiio results obtained with tluun com¬ 
pared with those given by two new metiiods described below. For this 
purposi^ four a<jUeous soliitions were prep<ared (containing in 500 c.c,: 
(1) 2-(l75 gni. of formalin ; (2) 2-075 gin. of formalin + 1 -It gni. acetalde¬ 
hyde ; (:^) 2-075 gm of formalin + 0-355 grii. of aeetijiuc; (4) 2-075 gm. 
of formalin + 1 gm. of benzaldehyde. 

loniMETRic MeTHon.—10 c.c. of tb(3 aldehyde solution are mixed with 25 c.e. 
of deeinormal iodine solution, and sodium hydrate added drop by drop until the 
h(]uid hceonies clear yellow. After 10 minutes hydrochloric aeid is added to 
liberate the uueonihin(3d iodine, which is then titrated back with .standard 
thiosulphate. Two atoms of iodine are equivalent to 1 molecule of formaldehyde. 
The amount of iodine taken up nuiltipliod by 0-11S3 gives the amount of formal¬ 
dehyde. The results obtained with the lirst solution showed that the formalin 
used contained (1) 87-38 and (2) 37-40 per cent, of foriimldchydo. 

With tli(3 second solution a certain amount of iodoform was produced^ and the 
results were too low. With the third solution the acetone was entirely converted 
to iodoform, and in the fourth solution the benzaldehyde was partially oxidized. 
Hence this mctliod, though suitable for the valuation of pure fovinaldohyde, does 
not give ooircct results m the presence of otlicr aldehydes. 

VoTAssiUM Oyanidk Mkthod.— This is based on the fact that formaldehyde 
comhines with potassium cyanide. The addition product reduces silver nitrate 
in the <3old. But if the silver nitrate be acidified with nitric acid before the 
addition of the aldehyde cyanide mixture, no precipitate results if the aldehyde 
in the latter bo m excess. Tf, on the other hand, tiio potassium cyanide is m 
excess, 1 molecule of potassium cyanide is loft in combination with 1 molecule of 
the formaldehyde, while the excess precipitates silver cyanide from the silver 
nitrate solution. 

10 C.c. of decmorinal silver nitrate, acidifled with nitric acid, arc mixed with 
10 C.c. of potassium cyanide solution (prepared by dissolving 3-1 gm. of tlie 0() per 
cent, salt in 500 c.c.), tlie wliolu diluted to .500 o.e., filtered, and 25 c.c. of the 
filtrate titrated by Volliard’s method (p. 150). The dilforonco between this 
blank result and that obtained by titrating the filtrate after tiie addition of the 
aldehyde solution gives tlie amount of standard sulphocyauide corresponding to 
the silver not precipitated by the excess of potassium cyanide. From this the 
amount of fornialdohydo can he (salculated. Witli solution 1 the results showed 
37-39 and 37-07 percent, of formaldehyde in the formalin. With solution 2, if 
tlie titration was made immediately after shaking, only the formaldehyde had 
combined, but if left for some time the acetaldehyde also began to combine, and 
erroneous results wore obtalued. Solutions 3 and 4 gave correc-t results, even 
after standing for 30 minutes. 

JIydkoxyjamine Mkthod (Brochotaud Oarabior).'*—This gave satisfac¬ 
tory results with pure formaldehyde, but quite irregular figures with the other 
three solutions. 

11 V. 0 1 , K K ’ s Method.^—T he four solutions wore made more concentrated in 
order bo lessen the ditficulty of observing the end-reaction. In each case the 
correct amount of formaldehyde was found, but the author does not consider the 
method so accurate as the others. 

‘ Z. a, (J., 1397, 3fi, 18-24. limi., 1895, 12tt, 419. 

■ijknchlc, 1883, 16, 1335. 
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Acetaldehyde.— A method originally proposed by K e i t e r ‘ has l)oen 
modified by Roques with good results. 

Method of Procediire : A sodium sulphite solution is made by dis¬ 
solving 12*6 gm. of anhydrous sodium sulphite in 4(M1 c.e. of water, adding 
1()0 c.e. of normal sulphuric acid, diluting to^OiX) e.c. with alcohol of 
96 per cent., and filtering after 24 hours. A convenient quantity of the 
alcoholic solution of aldehyde to be examined is j)]aced in a 100 c.e. 
stoppered flask, mixed with 50 c.e. of the sulphite solution and made up 
to 100 e.c. with alcohol of 50 per ('cnt. A second (piantity of 50 c.e. of 
the sulphite solution is place<l in a similar flask, and made up to 100 c.e. 
with the same alcohol. After heating to 50® C, at least 4 hours, 50 (;.c. 
are withdrawn from flask, and the .sulj^hurous acid <letcrmined by 
means of ”/io iodine solution ; the differeneo is the (piantity of sul))lmrous 
acid that is in conihination with the alchdiydo; 

I c.c. of »'io iodine = 0-0022 grn. of aldehyde. 

If the liipiid to be examined contains less than I per (■(uit. of aldeliyde 
the sulpliite solution must Im*. diluted; fur 0-5 per cent., it should Im^ 
diluted with an ciinal voliim(‘ of alcohol of 50 per cent., and **/ 2 o i<aline 
should be usi'd ; for 01 per cent., the sul]djite should be dilnte<l with 
alcohol of 50 per cent, to 10 times its ordinary volume, and ccnlinormal 
i(xlinc solution should be used. 

A Volumetric Method for the Determination of various Aldehydes 
has been devised by M. Ripper.*--Tho method is basi'd on the com¬ 
bination of alkali Ifisuliihites with aldehydes. 25 c.(i. of the solution to 
1x5 examined, which should not contain more than J ])cr c(5nt. of the 
aldehyde, are run into 60c.c. of a solution of potassium bisulphite con¬ 
taining 12 gm..KHSOa per litre, placed in a 150 c.c. flask, wliich is then 
securely corked, and allowed to stand for a qnarti^r of an lioui'. During 
this time another 50 c.c. of the potassium bisulphite solution are 
titrated with iodine. The excijss of hisul])liite added to the aldi^hydo 
solution is then determined with the same i(Hline solution, and from the 
difference the amount of aldehyde pivscnt is calculated. 

■ The amount of the aldehyde is obtained by the formula— 


in which A represents the amount of aldehyde, I the iodine corresponding to the 
combined sulphurous acid, and M the molecular weight of the aldehyde in 
question. 

From this the following factors are obtained : — 

Formaldehyde = 1 x 0*1179 
Acetaldehyde — I x 0*1729 
Renzaldehydc - T x 0*4166 
Vanillin - I x 0*5974. 

The method is said to yield reliable results in all cases in which the aldehyde 
is soluble in water, or can be brought into solution by the addition of a little 
alcohol. 


ly. a: t\ I abstr.. 1897, 16, 606. 


Moiiatshe/te f. Vheui. 1900, 21, 1079. 
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In the case of the four aldehydes mentioned above, test analyses are described 
in detail to show that the results are in close agreement with those obtained by 
recognii^ed reliable methods. 

Solutions of potassium bisulphite stronger than the above should not be 
employed, as the larger quantities of hydriodic acid formed would exert a re¬ 
ducing action on tho sulphuric acid formed. The use of alcohol to dissolve tho 
aldehyde should also bo avoided as far as possible, as even relatively small 
quantities of alcohol (upwards of 5 per cent.) interfere with tho iodide of starch 
reaction. With the very dilute solutions of aldcliydc used, however, a very small 
o^ldition of alcohol will be sufllciont in most cases. 


GLYCEROL. 

(GLYCERIN.) 

(hII;,{()II),, - !12-(1G4. 

ill nijui'ons solution may bi' ilck'niiiiicd by nmansof si,jui(lard 
pi'rmanganat(‘, as first suggested by Wanklyn, improved i>y him and 
Fox, and further ehiborated by II e n e d i k t an<! /Zsigmondy.* 
Tlie glycerol becomes oxidized to oxalic acid and carbon dioxide thns:— 

0,11,Oj -h 3(X HoC/b + <'^(>2 -t- 

Mkthoi) of pRocErniRE : 0-2 to (1-3 gni. of the concentrated glycerin 
(or a corresponding a,mount of dilute glycerin, as calculated approximately 
from its s[). gr.) is mixed with 250 c.e. of water in a large liask, 10 gm. of 
solid KOH added, and a 5 per cent, solution of jiotassium permanganate 
run in at the ordinary temperature until th«‘ Inpiid eiiases to he green 
and becomes blue or black in colour. Finely powdereil piTmanganate 
may lie used in plac’e of its solution. The mixture is then boiled, when 
hydmted manganese ilioxido is precipitated mid tlie solution hei'Oines 
red. 

Sulphurous aeid or sodinm sulphite solution is then catifionsly added, 
dro[) by droj), until tho litpiid just becomes colourless, mid the solution 
Hltereil through a liitor large enougli to take at least half the li<piid at 
one time. The precipitate is thoroughly washed with hot water. 3'ho 
last washings sometimes become turbid owing to the formation of 
manganese hydroxide, hut the turhidUy disappiuirs on acidifying with 
acetic acid before preedpitating with calcium cliloride. 1(1 c.c. of a 
10 i)or cent, solution of calcium chloride are then added to the Ixuling 
licpiid, and, after digesting for some time, tlie preciftitate is (iltered off, 
and vvaslie<l thoroughly with hot water. The filter is pinrecd and tho 
precipitate washed into a porcelain ilish. Tlie nock of (he funnel is tlien 
plugged and tlie filtm* filled with dilute sulphuric* acid. After standing 
for 5 or 10 minutes this is allowed to run into tlie dish and the filter 
washed with watei*. Acid is added to the c'ontcuits tli«‘ dish in quantity 
8 uffi<‘ient to bring the total amount used to 10 e.c. of concentrated a(*id, 
tho litpiid is diluhid and about 200 e.c. lu'ought to a tom{)cratiire of about 


C'/Mtia. Zeit., 188r>, 9, 975, ami./. S. C. /., 1885, 4, tUO. 
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60° C., and **/io pernianganate run in gra<iuaily from a burotto until a 
distinct pink coloration remains on stirring. 

1 c.c. of ^/lo permanganate = ()'004r) gm. flgC-jOi 
- 0-(X)46 gm. glycerol. 

In the above method (‘Xcosh of sulphurous acid must bo carefully 
avoided, as in pr(‘s(*nc() of hydrated manganese dioxi<le it. destroys oxali(^ 
acid. So<lium sulphite, the use of which was suggested by Allen, 
gives sulphurous acid when acidified with acetic acid and this in 
presence of the small quantity of manganese dioxide which has passed 
through the filter, causes a loss of oxali(^ acid. 

Jferhig has, therefore, suggested the use of hydn^^en peroxide in 
place of sulphite. M a ng o I d' reportinl favourably on the method and 
recommends the following j)rocedure:— 

To 0-2-0'4 gm. of glycerol, diss(dved in IKK) c.c. of water containing 
10 gm. KOII, as much of a solution containing 5 i)er cent, potassium 
permanganate is added as will Ciirrespond with I'f) times the ilu^on'tieal 
quantity of glycerol (I gm. glycerol niqnires 6*87 gm. of permanganate). 
The operation is conducted in the <'old an<l the solution must h(‘ agitated 
on ad<iing tin* jiermangaiiate. After standing for about half an hour at 
ordinary temperature, suHieient hydrog^m peroxid** is added completely 
to decolorize tiie litiuid. The whole is now ma<lo up to lOOd e.e., well 
shaken, and 500 c.c. filtered off through a dry filter. After heating the 
filtrate for half an hour to destroy all hydrogen peroxide, an<l cooling to 
about 60", sulphnrii' acid is added and the li(iuid titrated with permangan¬ 
ate as described above. The method was found to give ac<'nralo results 
even in 1h(‘ presence of 00 per cent, (»f butyric acid. 

Another oxidation method of ded-ermination of glye(U-ol is the 
Potassium Diehromate nudhod of (). H e h ii e r (see Indow). 

The Acetin Method of B cue d i kt and Cantor^ re based on the 
quantitative <-onvoi‘sion of glycerol into triaeetln (glyceryl triacetate) 
when h(‘ated with acetic anhydride, thus:- - 

(hHr,(un);. + 5(<hH,())-,<) - c,,u,(t).aii3()), -1- :tcji,(k. 

The triaeetin is then saponi!ie.<) with sodium liydroxide solution, and 
the amount of the latter use<l gi\es a measure of the glycerol. I.ew- 
k o w i t s c h has shown that this nudliod gives closely concordant results 
in the case of moderately pur(‘ “crude glycerins,” and recommends its 
adoption in all cases in which the glycerol is tirst isolated in a fairly laire 
state as in its d«d(‘rinination in fats and oils (see below). 

Owing to the large eommm'eial interests involved, the valuation of 
crude glycerin is of sucli importance that in lOU lnt(;rnational Standard 
Methods of Analysis were adopted. These will now be given in full and 
verbatim. 

METHODS OF CRUDE GLYCERINE ANALYSIS. 

KeCO.M.MKNDEI) HY the TnT£KN.\T10NAL (’OMMJ'PTEKS. 

Sampling.— The most satisfactory metliod available for sampling crude 
glycerine liable to contain suspended matter, or which is liable todejiosil 

h/. S. a 1891, 10, 803. 1888, 7, 696, and 1889, 8. 6. 
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p«lt on settling, is to hfive the glycerine sampled by a mutually approved * 
sampler as soon as p(iSKible after it is filled into drums, but in any case be¬ 
fore any separation of salts has taken place. In such cases he shall sample 
with a sectional sampler, tlnui seal the drums, brand them with a 
riumboj’ for i<lentification, and k<*(!p a record of the brand numb(n\ 'Hk* 
presence of any visible salt or other susptmdcd ma.tt(‘r is to be not(Ml by 
tlie sa,mpler, ami a repoi-t of same made in his certificate, together with 
the temperature of the glycerine. Kaeh <lrum must be sampled. Gly¬ 
cerine wlindi has (U'posited salt or other matters cannot be accurately 
sampbal from the drums, but an approximate samph^ can be obtaincal by 
means of I he sectional sampler, which will allow a complete vertical 
section of the glycerine to he taken, including any de))osit. 

Analysis.—]. Determination of Free Caustic Alkali. W eigh gm. 
of the sample into a 100 e.e. flask, dilnti' will) approximately 50 e.e. of 
freshiy-t>oiled distilb'd water, add an excess of mmiral l)anuru elilornle 
solution and 1 c.c. of j)lienolplilhalein solution, make up to the mark and , 
mix. Allow the precipitate to settle, draw off 50 e.e. of the cleai !i<|uid, 
and titrate with normal acid (N/j). (!aleulale to percentage of NajO 
existing as (•aiistie alkali. 

'J. Determination of Ash and Total Alkalinity.- WVigh 2 to .5 gni. of 
th<‘ sample in a platinum dish, hum oft tlie glycerine over a luminous 
Argand Imrner or other source of heat giving a low flaim^ temperature, 
IIh' temjM'i’ature iKung kept low to avoid volatilization and tlie formation 
of sulpiii<les. W’hen th(^ mass is charred to the point that water wilt not 
heconu' eolonnal hy soluhl<‘ organic matter, lixiviab^ Vith liot <listilled 
water, filtm*, wash, and ignite the residue in the platinum dish. Return 
tlu' tiltrah' and washings to the dish, eva[)orate, and earehdly ignite 
without fusion. Wodgli the ash. 

Dissolve ilio ash in distilled water and titrate total alkalinity, using 
MS imheator methyl oniiige cold or litmus boiling. 

2. Determination of Alkali present as Carbonate, lake lb gru. of 
the samiile, with 50 e.e. distilled wab'r, add surtieienl N/j judd lo 

lUMitralizi* the total aJkali found at (2), Imil under a, ndlux condenser for 
15 lo 20 minutes, wash down the eondmiser tulie witli distilled water, 
fnM' from carhon dioxide, and titrate lau-k with N/j NaOH using ]iheiiol- 
phthaliMii as indiea.b'r. (kaleulate the percentage of Na./). Dediud lhe 
Na..O fouml in (1). The difTeren<-o is the por<-eniag(^ of Na,,.() existing as 
I'arl KUiate. 

4. Alkali combined with Organic Acids. Tlie sum of the porcmitages 
of Na.jO found at (1) and (3) deduct(‘d from the percentage found at (2) is 
a ineasun^ of the Na.^0 or othi^r alkali eomliiiuMt with organic; acids. 

5. Determination of Acidity.— 'J'ake 10 gm. of the sample, dilute 
with 5(i e.c. of distilled water free from carbon dioxide, and titrate; witli 
N/i NaOH and phenolphtlialoin. Express in terms of Na./) rc*qnired to 
neutralize 100 gni. 

fi. Determination of Total Residue at i6o"C. P'oi’ this determina¬ 
tion the crude glycerine should be sligJitly alkaline with NaXOj not 
exceeding the ecpiivalent of 0'2 per cent. Na.jO, in order to jirevcmt loss of 
organic acids. To avoid formation of polyglycerols this alkalinity must 
not be excoeded. 
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Preparation of Glycerine.- -10 gni. of the sample is weighed into a 
100 c.e. flask diIuto<l with water and the ealcniated quantity of N/j HCI 
or Na.jCO:, added to give the nupiired degree of alkalinity. Tin* flask is 
filhid to 100 e.e., the eontiMits mixed, and 10 e.e. ?n<Msure<l into a weighed 
petrie or similar dish 2%‘i in. <liameter and 0%5 in. <le,ep, which should 
have a flat bottom. Jn the case of crude gly(;erines abrormally high in 
organic residm* a less quantity is to bo (!vaporate<l, so that the weight of 
organic njsidue does not materially exi-eed 30 to 40 mgm. 

Evaporation of the Glycerine.- -'I’he dish is placed on a water-bath 
(the fop of the 100“^ ov(!n acts equally well) until niosl of the water has 
(waporated. From this |)oint the evaporation is effected in the ov(m. 
Satisfactory results are ot)tained in an ovmi measuring 12 in. enhe, 
having an iron ]>late ^ in. thick lying on tlm Itottom to distrihuh' the 
heat. Strq)s of asbestos milihoard are placed on a shelf hiilf-way up th<i 
oven. On these strips the dish containing the glycerine is plae*‘d. 

If tin* lemperafnro of the oven has heim adjusted to 100" with the 
door <'losed, a temperature of 130'’ to 140° can he readily mainfained with 
th(i door partially open, and the glycerine, or most of it, should he 
evaporated off at this temperatnn*. When only a slight vapoui" is seen to 
come off, the dish is removed and allowed to cool. 

An addition of 0*5 to 1 <‘.c, of water is maih;, and l)y a rotary motion 
the residue brought wholly or nearly into solution. Tlni dish is then 
allowed to nmiain on a w'atei‘-t)ath or top of the oven until the excess 
water has cva[)orah‘d and the residue is in such a (‘ondition that on re¬ 
turning to th(5 oven at 160° C. it wall not spit. The time tjiken up to this 
point cannot he giv<‘n definitely, nor is it imjxn-tant. Usnallv two to 
three hours is required. From tiiis point, howevrn-, the sehialnh’ of time 
must be striidly adhered to. The dish is allowed to remain in the ov(*n, 
the temperature of which is carefully maintaiiH'd at lOO” (?. for onii hour, 
wh<‘n it is removed, eoo|(‘d, the residue (reati'd with water, and the water 
evaporated as before. Tin' residue is then subjected to a second baking 
of mic liour, after which tin* dish Is allowed hi cool in a desiccator over 
sulphuric a,cl(l and wciglu'd. The treatment with water, eh*., is repeated 
until a eoiistaiit loss of I to I'5 mgm. per Inair is obtained. 

Corrections to be applied to the weight of the Total Residue. In 
the case of acid glyianane aeorreotion must lie ma<le for tln^ alkali acldtid. 

1 c.c. N/i alkali represents an addition of 0-022 gm. In Mie case of alka¬ 
line crudes a correction should be made for Ihe acid adde<l. Deduct the 
increase in weight due to the conversion of the NaOII and Na^<X)., to 
NaCI. The corrected weight, multiplied by 100, gives the jicrctmtagc, of 
total residue at i6o° C. 

Preserve the total residue for tlie determination of the non-volatile 
acetylizable impurities. 

7. Organic Resldue. -Snlttract the ash from the total residue at 
160“ C. RejK>rt as oi'gaiiic resiiluc, at 160° (/. (Note* It should be noted 
that alkaline salts of organics acids are conv<‘rted to carbonates on ignition 
and that the CO., radielc; thus derived is not included in tlie organic 
residue.) 

8 . Moisture. —This test is based on the fact that gIyc<M'ine can be com¬ 
pletely freed from water by allowing it to stand in mcuo over sulphuric 
aeid or phosphoric anhydride. 
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2 to 3 gm. of very pure bulky asbestos freed from aeid-soluble material, 
which has been previously dried in a water oven, is place<l in a small 
stoppered weighing bottle of al>out 15 c.c. capacity. Tlu^ weighing bottle 
is kept ill a vacuum dcssiecator furnish(‘d with a supply of concentrated 
sulphuric acid, under a pressure equivabmt to 1 to 2 mm. of mercury, 
until (constant in weight. From 1 to 1-5 gm. of th(3 sample is then care¬ 
fully dropped on the asbi'sfos in such a way that it will lie all absorlxal. 
The weight is again taken and the bottle replaced in tln‘ desicM-atoi- under 
] to 2 mm. jiresMire until constant in weight. At In'" 0. the weight is 
constant in about 48 hours. At low temperatures the test is prolonged. 

The sulphuric acid in the dcsii-cator must be freipu-ntly renewed 

ACETIN PROCESS. 

Tins pro(*ess is Ihe one agreed upon as giving results nean-r to tlio 
truth on crndi's in general and is the proci^ss to ho used (d‘ applicahle) 
whenever only one method is employed. On pure glycerines the results 
arc ideniieal with those of the hichromate process. For tlie apphVntion 
of tliis process the crude glycerine should not contain over r»U per cent, 
water. 

Re-Agents Required.- (A) Best Acetic Anhydride.- This should he 
earefnlly selected. A good sample must not reipiire more than OT c.c. 
normal NaOH for sapouitication of the impurities when a blank is run 
on 7*5 c.c. Only a slight colour should develop during^ digestion of tlici 
blank. 

(B) Pure Fused Sodium Acetate. -The purchased salt is again com¬ 
pletely fused in a platinum, silica, or niclod dish, avoiding charring, 
powdered (juickly, and kept in a stoppered hottle or in a desiccator. It 
is most impoi-tant that tlu' sodium acidate be anhyilrous. 

(0) A Solution of Caustic Soda for Neutralizing, of about 
strength, free from Carbonate. -This can b<' readily madi' by dissolving 
pure sodium hydroxide in ils own weight of water (prcicrably water free 
from carbon dioxide) and allow'ing to settle until clc{i,r, or fillcring thnmgli 
an a.sb('st(»s or paper (iltor. 'J’lie clear solution is diluled with walcr fri'e 
from carljoii dioxide to the strcnglli re<|uirc(l. 

(1)) N/j Caustic Soda, free from Carbonate. I’r»>pared as al) 0 V(‘and 
carefully stamlardized. 

Some: 4-austic soda solulions show' a marked ^luuimdion in strength 
after being boileil; such solutions slionld be rcjcctisl. 

(K) N/i Acid.— Carefully standardi/.efl. 

(F) Phenoiphthalein Solution.- -0-5 per eenl. plienol|)hthaleiii in 
alcohol and mmtralize. 

Method of Procedure : Into a narrow moutlieil flask (preferably 
round lK)ttomi‘d), capacity about 120 c.c., which has been thoroughly 
(•lean«*d and (lri(‘d, w’cigh lururately and as rapidly as possible 1-25 to 1*5 
gm. of the glyeeriiie. Adil first alMUit 3 gm. of tli«3 anliydnms soilimti 
acetate, then 7'5 c.c. of the acetic anhydride, and connect the flask wnth 
an upright Liebig condmiser. For convenient’ the imuir tiiix’ of this 
condenser should not b(3 over 50 tmi. long and 9 to 10 mm. inside. 

The flask is connected to the condenser by either a giound glass joint 
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(preferably) or a rubber stopper. Jf a rubber stopper is used it should 
have had a preliminary treatment with hot aeetie anhydrides vapour. 

Heat the contents atid keep just boilinj; for one hour, taking precau¬ 
tions to pnwent the salts drying on the sirlos of the Hask. 

Allow the thisk to cool somewhat and through the condenser tube add 
50e.e. of the carlxui dii>xido-froe distilknl water heaf(‘d to about 80^ C., 
taking care that the flask is not loosfMU'd from tlu^ eondensrw. The object 
of »‘ooling is to avoid any siulden rush of vapours fr-om the llask on adrling 
the water, and to avoid breaking the llask. Time is saved by adding the 
water before tlu^ contents of the flask solidify, but the contents may be 
allowed to solidify and the test pr’oeeeded with the next <lay without detri¬ 
ment. The contents of the flask may be warmed to, hut must not exceed, 
80^ C. imtil tlu' Mihition is eoni]ili‘te (^\c{‘pt a lew dai’k Hocks represisniing 
organic impurities in (he crude. By giving the llask a rotatory motion, 
solution is inoi'c ipiiekly effected. Cool flask ami contents without loosen¬ 
ing from condenser. When (put(‘ cold wash down th<‘ inside of the con- 
dens(‘i’Iube, <letju'h tlie Hask, wash ofi slopp<'r or* ground glass eonma’tion 
into the Mask, and filt<‘r eo'ntents of Hask through an acid wa,slied filter 
into a Jena glass llask of about 1 litre eapaccity. Wash thoroughly with 
cold distillerl water free fi'om carbon dioxule. Ad<l 2 e.c. of phenol- 
plithalein solution (F), then run in a ('aiislie solution (C) or-(D) until a 
faint pinkish yellow colour appears tlu’oughout the solution. This 
neutrali/ation must be done most carefully; the alkali should Ite run 
down the sides o^ the flask, the coiitmits of which are k(‘|)t rapidly swirling 
with oi:casional agitation or change of motion until the solution is n(‘arly 
neutraliziid, as imlieated by the slower disappearance of rlie colour de- 
veloperl locally by the alkali running into the mixture'. Wlu'ii tins point 
is reached the sides of the hask are washed down with earl>on-dioxido-free 
wat(*r and the alkali subse<juently added drop ])y drop, mixing after each 
dre)j) until tin' dcsin*d tint is ol)taim‘<l. 

Now run in from a. bundJe 50 c.c. or a caleulabMl excess of N/j NaOM 
(D), and note carefully tlu^ exact amount. Boil gi'iilly for 15 minute's, the< 
fla.sk be'ing fitle'rl with a glass lube, a,cling as a partial condenser. Cool 
as (|nie'kly as }>ossihle and tili-ale exe*e'ss erf NaOll with N/, ae-id (K) until 
the ))inkish \e.‘llow, or chosen e'nd-jMiint c‘)lour jiist re'inains. A fui’ther 
aelelition of the; indicator at this ixunl will e-anse' a redaii’ii of the pinkish 
colour; this must be negle'e-teel, and tlie' first eml-point take'n. 

Kretm thei N/j NaOK e-onMimc'd evileiilafe^ the pei'e-eiitage.' of givcerol 
after making the correedion for the blank tost dese*i'ibe'el bedovv. 

1 e'.e;. eif N/j NaOH - ()'U30(i0 gm. ejf glyee'fol. 

The ('oetficient of (expansion for normal solutions is apiirriximately 
0*00033 per c.c. for eiacli ek^gree C. A coi*reetion slioulel be made on this 
account if necessary. 

Blank Test. —As the acetic anhydrielo and soelinm ae'ctate may contain 
impurities whieji affea-t the result it is necessary to make a blank test, 
using the same (piantities of acetic anhydride ami sodium acetate as in 
the analysis. Aftm* neutralizing the acetir^ acid, it is not necessary to add 
more than 6 c.c. of the N/^ alkali (D) as that represents the excess of alkali 
usually loft after saponification of tlie triaitetin in the glycerol determina¬ 
tion. 
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Determination of the Glycerol Value of the Acetylizable Impurities. 

—The total residues at 100° 0. is dissolved in I or 2 e.e. of water, washed 
into a clean ae<'tyli/ing flask 120 e.e. ea[>a<‘ity and tin* water evaporated. 
Now add anhydrous so<liuni aeetat<‘ and pnx-eod as in the glyixM'ol d<*- 
teriniriatioii ludore <leseril><M|. Cal<tnial<i tlie result to gly<an‘o]. 

Analysis of Acetic Anhydride.- -frito a wruglnx] stopjMmal vess(*l, con¬ 
taining 10 to 20 c.c. of water, run a]K)ut 2 <•.(*. of the anhydride, replace 
stopper and weigli; allow to stand, witli occasional sliakirig, for- s(‘v(‘ral 
lioiirs. till all anhydride is livdrolys<‘d ; tluui dilute to alxnit 200 c.c., ad<l 
plnuiolphllialcin and titniti! with NaOH. Tliis gives the iotiil acidity 
dm* to fn‘c acetic acid atid acid hnjm'd from anhv<lfidc. 

Inlo a stoppered weighing hottli' containing a known weiglit I'f rc- 
c(‘ntly-distillcd anilim^ (from 10 to 20 c.c.) measure about 2 c.c. of the 
sampl(‘, stop])cr. mix, allow to cool, and weigh. Wash cont(‘nts into about 
200 c.c. c<»ld \val<‘r, and titrate acidity as tud'ore. This yields the acidity 
due to the original, prcforim'd, acidic ai-id plus om‘-half the acid dm* to 
anhydridi* (Tin*, othiu- hall having forme<l acidanilidc); subtract th<‘/;econd 
result from tlu^ tirst (both calculated for l(X) gm.) and double result, ob¬ 
taining C.c. N/j NaOH per 100 gm. sample, I c.c. N'j N’aOH eipial 
O'OolO gm. acidic anhydride. (See p. 00.) 

BICHROMATE PROCESS. 

Re-agents Required. - (A) Pure Potassium Bichronvte powdered and 
dried in air free from dust or organic vaix)ur.s, at 110° to 120’’ 0. This is 
taken as the standard. 

(B) Dilute Bichromate Solution.— 7'45G4 gm. of the above bichrom¬ 
ate (A) are dissolved in distilleil water, and the solution made uj) to one 
litre at 15-r»° (,!. 

(0) Ferrous Ammonium Sulphate.- Bissnlvi* 2-7282 gm. of potassium 
bichromate (A) in 50 c.c. of water. Add 50c.«x of 50 ])cr cent, (by volume) 
sulpliuric acid, and to the i-oM undiliit(‘d dilution add from a weighing 
bottle a modi'ratc exi-css of the ferrous amnu>nium Mil])hatc, and titrate 
liack with the dilute hichromati* (H). t.'alculali^ tlic value of the fcrniiis 
salt in terms of bichromate. 

(1>) Silver Carbonate. 'I’his is prepared asreipiired for each test from 
140 c.c. of 0'5 per cent, silver sulphate solution by precipitation w’ith 
at«)iit 4-0 c.c. N/j sodium carbonate solulion (a jittle less than the calculated 
quantity of n/j sodium carbonate should he used; any exci'ss of alkali 
carlionate prevents rapid settling). Sidtle, decani and wash once by 
decantation. 

(E) Subacetate of Lead. Boil a pure 10 per cent, solution of h^ad 
aix'tatc with an excess of litharge for one hour, keeping tlie volume con¬ 
stant, and filter while liot. Disregard any precipitati^ wliich suhse((uently 
forms. Preserve out of contact with (larbon dioxide. 

(F) Potassium Ferricyanide. --A very dilute solution containing about 
01 per cent. 

Method op Proceduke : Weigh 20 gm. of the glycerine, dilute to 
260 c.c. and take 26 e.e. Add the silver carbonate, allow to stand, witli 
occasional agitation, for about 10 minutes, and add a slight excess (about 
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6 C.C. in most ('ah08) of Hie basic loml acetate (K), allow to stanti a few 
minutes, ililute witli distilled water to 100 c.c. and then add 0'15 c.c. to 
compensate for the volume of the preidpitale, mix tlioroujjhly, filter 
thi'oujjli an air dry filter into a suitable narrow moutlual vetssel rejecting 
the first 10 and return (ilirate if not clear an<l bright. Test a pirtion 
of the filtrate with a little basic !ea<l acetate, whicli should produce no 
further precipitate. (In the great majority of easels 6 c.c. is ample.) 
Occasionally a criule will be found requiring more, an<l in this cas(> another 
aliquot of 25 c.c. of the <lilut<' glyc<irine should bo taken and purified with 
6 <*.(*. of the basic acetate*. (Ur(( must be taken to avoid a. marked excess 
of basic acetate. 

Measure off 25 c.c. of the cl(‘ar filtrate into a glass flask or beakm* (pre¬ 
viously cleamsJ witli jiotassium bichromate and siilphurw aci<l). Ad(l 12 
drops of sulphuric acid (I : 4) to precipitate the small excess of h*ad as 
sulphabx A<ld fl‘72H2 gm. of the powdiuxsl potassium bichromate (A). 
Rinse down tin* hichromate will) 25 c.c. of water and sfa,nd with occasional 
shaking until all Hie hichromate is dissolve*] (no n‘duction will tak(5 [>laco). 

Now add 5fl c.c. cf 50 p*''rcent. siilplinric a<M(l (hy volume) and immerse 
the vessid in iKiiliiig water for two hours an<l keep protecte*! fnnii dust 
and organic va)>oui‘s, sin-h as alcohol, till the titration is conqdetcd. Add 
from a weigliing hottlc a slight excess of tlu^ ferrous ainmoniimi suljdiate 
(C) makirig sjiot tests on a |>orcelaiu plate with the [Kitassiiim hwricyanhle 
(F). Titrate hack with the dilute hiehromabi. Frtim the amount of lii- 
clinimate rt*dueei' eak'ulat<5 tlie {lercmitage of glycerol. 

1 gm. glyi'crol 7'45<>4 gm. hichromate. 

I „ hiehroiuab^ = OdlWll ,, glycerol. 

Notes. (1) It is important that the concentration of aei<l in the oxi¬ 
dation mixture ami the tiim* of oxidation shouki be strictly adher*Kl to. 

(2) llefon* the bichromate is added to the glyi'iu-ine solution it is 
essentia) (hat the sliglit excess of lead he proelpitat(Ml with sulpbune acid 
as sti{>ulat(‘d in the process, 

(3) For erudi's practically free from clilorhlj-s Hu* <iuantity of silver 
carbonati* may be reduee*! bMuie-fiftli, ami the basic lead acetate to 0’5 
c.c. 

(4) ft is soiiu'times advisable to mhl a little jotassium siilpliatt* to en¬ 
sure a clear tiltrate. 

Instructions for Calculating Actual Glycerol Content. -(1) Deter¬ 
mine the apparent pei'centage of glycerol in tlie sam]>le by tin* acetin 
process as described. The n*sult will include a<*etyli/abl(' impurities if 
any be present. 

(2) Deterinim* the total residue at IWV’ C. 

(3) Determine the acetin value of the residue at (2) in terms of gly¬ 
cerol. 

(4) Deduct the result found at (3) from tlu’ percentage ohtaiiie*! at (1) 
and report this conH'eted figure as glycerol. If volatile acetylizahle im¬ 
purities are present these are includ<*d in this figun*. 

Notes and Recommendations. - Experience has shown that in crude 
glycerine of good commercial quality, the sum of water, total residue at 
160° C. and corrected acetin result comes to within 0-5 of 100. Further, 
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in sn('h crndes tlio bichromate result agrcHis witli the uncoi’?‘ect(Ml a<'etin 
result to witlhn 1 per cent. 

fn the event of greater (htfenmi-es being found, imjuirities such as 
polygiyeerols or trinietliylene glycol are juvsent. Trirmdliylene gly<'ol is 
more volatihi lhaii glyc'crine; it (*an tlMTidore be eoiK'^mtnited ))y fra<‘- 
tional distillation. An approximation to the (piantity can be obtainecl 
from the sjinvid between the acetin and liichromate results of such distil¬ 
lates. TrimethyhMH* glyeol showing by tin* former m<‘tliod pcu’cent., 
and Ity the latb-r ]»er cent, expressed as glycerol. 

If the non-volatile organic residue at 1(10’ in the case of a, soap iye 
crud<n)<M>v(‘r 2*5 per cent., i.(‘. when not coiTecb‘il for carhon dioxide in 
the ash, tlnui the rosi<ln(‘ shall he examim'd hy the acetin imdhod, ami 
any exeess of glycerol found over O'o per cent, shall he <leduct(‘d from tlie 
ac<*tin ligure. 

In tin* 4*as(‘ of saponification, distillation ami similar glycerines, the 
limit of organic residue which should l)e passed without further (‘xamina- 
tion shall he fixed at 1 j)er cent. In lln* (‘V(‘nt of the sample con,taining 
mmx* than J ))(*r cent., tin* organic rcsi^hn* nnist In* a»*(*tylat(‘d, and any 
glycerol found (after making tin* (l(*ductioii of 0'5 ]K*r cent.) sliall he 
d(Mluete«l from the p(‘rcentage of glyceml found hy the a<'erni test. 

In valuing erud(^ glycerine for certain purposes il is necessary to 
Hsc(*rtain tin* np]>roximat(* iwoportion of arsenic, sulpliides, sulphites, and 
thiosulphates. 

(End of International MetluKls) • 

Determination of (ilycerol in Oils and Fats, etc.— 20 gm. of the fat or 

oil arc saponilied with alcoholic potash or soda as in <ieterii'iiiing the 
Keieliert value (see p. Itlkl). The soap is dissolved in acoiisiderabkf volume 
of water, and docompo>ed with dilute snipimrie acid, tlie precipitab'd 
fatty acids are liltered off, an excess of barium carlionate is added to tlie 
tiltrate, which is then evajiorated on tin* vvater-batli until most of the 
water has heen driven off. 'I'lie residue is then extracbnl vvitli a iiiixture 
of ether (I) and 05 per c(;nt. alcohol (3), tlie bulk of the eth<‘r-alcohol 
volaiili/ed carefully tin the water-bath and the residin' diied in a 
ilessicator (preferably in a vacuum) and weiglied. 1 to 1'5 gm. of tin^ 
crude glycerin thus obtaine(i is then taken for the deterininatioii of 
glycerol present by the acetin or by an oxidation iin'thod. 

(ilycerol in pharmaceutical preparations, such as “gl\c<‘rin of tannic 
acid” may be d<*termin(*d by first adding a solution of basic lead acetate, 
removing the exci'ss of lead from tlie filtered solution by means of H^S, 
and evaporating the filtrate till free from Exci'ssivi^ evaporation 

must be avoided or glycerol will lost. 'I’he glycerol pix'sent is then 
determined by the acetin method. 

INDIGO. 

(Indigotin C6Hn,N.202.) 

The determination of indigotin in commercial indigo is a matter of 
great Importance to the dyeing trade and many methods liavo been de¬ 
scribed for its accomplishment. C. Rawson^ was one of the earliest 

* Jovr/t. Soc. Dyers and Coloiifisis, 188.'), 1, 71, and d. S. C. I., 1889, 18, 261. 
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workers in this and, briefly, his method of valuation consisted in 
sulplionating the indigo by iioating with pure sulplmric acid at 70° to 80° 
for an hour, diluting, purifying the solution of iudigotin-disulphoni(* acid 
obtained by addition of barium chiorido solution, and titrating a known 
volume of the clear li<iuid, largely diluted with watiu’, with ap])roximately 

l>ernianganate until all the blue colour disap[»ears. L a, w son found, 
as tlu‘ result of Ids determinations that 

1 ))art of ixjrmanganate - indigotin. 

The above process has lieiui critically examiiu'd by Bergiheil and 
It r i g g s ' w ith th(‘ following results ; - 

Three samplers of pure indigotin W(‘re each found to contain 10-51) per 
ciaih nitrogeii'^ ( OO'I per cent, indigotin), 0-11 giii. of eaidi sample was 
sulphoimtiMl and th«'. solution made up to 500 c.e. Of this hitler solution 
25 c.e. required iO'Oo, JO-00 and 10-05 c.i-. respectively of perman¬ 
ganate. 

llskig U a w son’s factor these contain 01)'59, 08'!), and OO'liO )n'r cent, 
of indigotin. Similarly, 0-5 gm. being taken inshxul of 0-8 grn., 10-7 e.e. 
of iMu-manganate w(*re reijniied and 00-1 per cent, of indigotin found. In 
all t-ases the fa<‘tor used was 

I c.e. ^'/so permanganate - 0-0015 gin. imligoliu. 

It should he noted that in all the above experiments no barium cliku'ide 
or other purifying agent was used, since no impurities were present. The 
authors remark that “ The rea,ction is admittedly a jirogressive one, and 
it is therefore nee<*ssary to cominet the titration rapidly and to take the 
disappearance of the blue colour as an iniUcation of its completion With 
respect to the effect of adding barium chloride to bring about the removal 
of suspended impurities from solutions of commercial indigos, the authors 
rec'ord exi)eriments siiowing that prea-ipitation by barium chloride involves 
a loss of indigotin, which is carried down with the barium sulphate. 
Th<;y found, however, that a preeipitati^ of barium sulphate, freshly 
formed out of contact with the solution of indigotin-disulphoiiic acid, and 
added to the latter as such, did not cause any pre<.'i])iiation of indigotin to 
take placix while by thorouglily slinking the barium suipbale in the solu¬ 
tion effieiont purification is sccureil. They linally recommend the follow¬ 
ing method of procedun* as combining the most rapiil working with the 
highest aiu'iiracy : 

0*5 gm. of tinoly powdereil indigi» is pUwed in a small, narrow-necked 
stop[M‘red bottle, and mixed with a few Bohemian garnets. 20c.<'. of pure 
concentrated sulphuric acid are added and the bottle, with its stopiier re¬ 
moved, pla<‘ed in a shallow' water-bat^ containing just enough water to 
cover the depth of acid in the bottle, ’fho bath is now brought to the 
boil, and when briskly boiling the stopper is replaced in the bottle, 
which is shaken iwriodically for 15 minutes. At the end of this time the 
bottle is removed from the water-bath, and allowed to remain in cold 
water with its stopper removed until the contents are cool. These are 
then transferred to a 500 c.e. flask in whicli 10 c.c. of a 20 per cent, solu- 

S. c. /.,]906,25,729. 

^ Pure indigotin contains 10'68 per cent. N and N x 9’357 = indigotin. 



INDIGO. 


385 


tion of barium chloride and sufficient siilpliuric acid to precipitate all the' 
barium has previously been placed, and the whole made up to a volume, 
well shaken, and sci aside for 1 hour for the precipitate to settle. An 
aliquot j)art of the sujxirnatant liquid is then titrated with approximately 
^/jo permanj^anato, ami the result calculated on the basis that 

1 c.e. ^Isa permanganate -= ()*()015 gm. indigoiin. 

The authors also (examined another method, due to (trossmann,* 
of removing the sus(K>nde<l impurities from the diluted solution of in- 
digotin-disulplionic acid. This consists in neutralizing tfie solution with ’ 
pure caliunni (‘arhonate, the calcium sulphate which is prcc.ii)itated 
carrying down all sus|>endftd impurities. They found that with pure 
indigoiin ami high grade indigos low results were obtained, lait that with 
indigos of av<‘rji,ge eomntercial purity the loss of indigotin so occasioned 
is very ^mall indeed. 

\V. I’, n 1 o X a m.- who was employed in India (11102-1004) in research . 
work oti pl;i.iit indigo, and aftc'rvvards conlimu'd the; work in the Cloth- 
Workers’ hahoratorv of the University of Leeds, after earefully examining 
all the* methods that had previously heem ])ro|)osed for the analysis of 
indigo, (h'vised the following nx'thod, which is known as 

Bi. (fXAM’s Potassium Tf-yruASiiLCHONATE Method. -Preparation 
of Pure Indigotin. Tliis is nc'cessarv in order to serve as a standard. 
Dry and finely pow<lered crude in<ligo is jilaccid in a loug-m;cked .lena 
hask eoiiii(‘eted with a water jaimp, a eatcli-hoitle being inserted l)etween 
the flask and the pump. The pressure is reduced as fl^r as possible, and 
the flask is lowered into a hath of heated fusible nxMal. A square of 
asbestos cardboard is so arrang<‘,d that the ])ortion of tlu‘ Hask between the 
level of the fnsihl(MnetaI and thecardboanl is raised to such a tem)>erature 
that only indigotin vapour is there present, and that this zone of the flask 
remaius quile el<‘ar at thtMMid of tlie ojioraiion, the snl)limate being d<^- 
posihHl ill the upper portion of tlu' Hask above tlie asbestos cardboard. 
Sublimation comtiuMiees at :t()lP and is finally (effected between 370° and 
39(r (b A beautifully eryslalline product is thus obtained, which, after 
washing with boiling acetic acid, followed by boiling alcohol, is u.sually 
cbcinically pure. 

Solutions Required.- -(a) The Freeipiftint. -Potassinin acetate solu¬ 
tion, 450 grn. per litre (filtered). [Sodium acetate does not answer, since 
the sodium tetrasuljilionato is obtained in the non-crystalline state.] 

(/>) Thr ].toliniic. - Mad<! by a<lding 5 c.c. of glacial acetic acid to 200 c.e. 
of (a) and then making up to tHK) with water. 

Method of Pk()(;ed(JKE : First of all a standard solution of indigotin 
is prepared as follows : 

1 giU. of ])ure indigotin, previously dried at 110° and cooled in a 
desiccator, is weighed out into a 30 c.c. spouted beaker, to it is added 2 to 
3 gm. of pnrilied sand, and 5 c.(^ of fuming sulphuric mnd (20 i)cr cent. 
SO.,) are run in from a burette. After well stirring with a short glass rod, 
the beaker is covered with a watch-glass and heated in the water-oven 

L/. S. a 1 ,190.^. 24, 308. 

*W. P. Bloxam, J, C. S., 1905, 87,974, and/. !S. C. 1906, 28, 735. 

25 



386 


INDIGO. 


for half an hour (crude indigos are sulphonatcd witih 25 per cent, fuming 
acid for 35 minutes), stirring being repeated at intervals. 

.Ifter cooling, the sulphonic acid is poured into a 500 c.c. measuring 
flask containing sonic water, and the beaker, stirring rod, and sand are re- 
peatotlly washed witli vvatcu’. Finally the (mjUI solution is made up to the 
mark with water when 

500 c.c. - 1 gm. indigotiii + 5 c.c. fuming sulphuric acid. 

100 c.c. of tlic above solution are now pipetted into a fairly large 
conical spouted beaker, and 100 c.c. of the precipitant are addpd from a 
burette provided witli a constant supply of the precipitant. 

(a) Pro(‘ipitation is oliscrvocl when the solutions arc well agitated in 
the conical beaker. The beaker and its contents are now well warmed 
until complete solution is attained. Oo(>ling is now (iffectod in a stream 
of running water, and when the contents of the beaker arc water-cold the 
)>eakor is transferred to a vessel containing ice and watm*. Ib're the 
iM'akcr is l(‘ft for 1 hour, during which time th(‘ tctrasulplimiato sidtk's 
out as aTiue-grained crystalline precipitate, wlii(;li will lilter well. Mean¬ 
while the isotoni<t solution is pla<-ed iu a spouted conical beaker and 
(‘ooled by immersion in ice and water. Tlic whole is liltorod by suction 
througli a (loocli crucible, the paper in vvliiidi is sot liy a small qnaiitity 
of the cooled isotonic solatioii. The tetrasulphonale pi’ccipitato is washed 
wit h till! ic(‘-cold isotonic solution. 

With good manipulation the operation is complob' in a hav iniuufes. 
In the case of pure indigotin a carefully performed analysis will yic'ld a 
filtrate almost eolourless. The very pale bine colour can be imitated by 
diluting a solution of tetrasuljdionato of known indigotin value. In this 
way the indigotin stnmgth of the filtrate, wlien the jirocess is working 
well, isesliinat<‘(l at 1 jiart of indigotin in 3,(MH),0(K) of water, a loss which 
is entiridy negligible. 

The GoocI) rrueible is now [)lai*<‘,d in ii funnel vvliieh n'sts in the neck 
of a 2(K) e.c. measuring flask. With the aiil of liot wafer this is vvaslieil 
free from l)lue, an<l any precipitate wlileli adheres te the walls of the 
conical beaker is disseived and added to the main fluid, whicli on cooling 
is made up to the mark. Portions of this solution ar<5 used for the deter¬ 
mination of indigotin 

(a) By means of Standard Potassium Permanganate (i in looo).— 20 

c.c. of the solution are transferred to a shallow poreidain dish aiul 80 e.e. of 
dietillod water and 0’5 e.c, of pure concentrated sulphuric, acid are addcal. 
Tliis solution, which is not of a greater ooncentratiou than 1 in 5000, is 
titrated with the pi'rmanganate solution until the addition of a drop no 
longer produces a cloud in the ])ur<5 yellow liquid. Indigotin (100 per 
cent.) would require in those einaunstaneos 0*0 c.c. of p(‘rmanganate, and 
percentages are calculatiMl from this standard. 

(5) By means of Titanium Trichloride. --Tn this case 25 c.c. of the 
solution of potassium tetrasulphonate is iise<l for eacli determination. 
This volume of solution is delivered into a 300 e.c. conical Jena flask and 
to it is added 1‘5 c.c. of a 20 [)er cent, solution of normal sodium tartrate. 
The liquid is then heated to lioiling and titrated whilst hot with a cairrent 
of carbon dioxide passing through the flask. 
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Each of the above methods determines indirubih simultaneously with^ 
indigotin. 

Note.- For preparation of standard titanium trichloride sec p. 240. 

Determination of Indigo-Red in Indigo (W. P. Bloxam and 
A. G. Perkin),* 

The dyestuff, mixed with purified sand, is introduced into a glass 
tube (about 25 x 5)0 mm.) cl()s('d at one end with cali<?o, which is placed in 
a Soxhiot tul)o and tlu* material oxtnuded with j)yridinc. Tlit‘ pyridine 
cxtnu't is eva.porat(Hi finally wiili the addition of hot water, and Ihc. pre- 
c.ipitate, which <'onsists of iiidirubin and a litthundigotin tog-'llier with 
impurities, is colI(M-t(*(l on asbestos, washed witli dilute hydrocldoric aoid 
to rcmov(* mineral matter, with 1 percent, alkali to dissolve indigo-brown, 
and fiiinJIv with 1 [ler <'i*nt. acetic acid solution. The crysInJIim^ residue 
is dried, sulphonated, ;i,nd the solution of the mixed sulphomc acids 
analysed l)y means of the Duboscij colorimeter. 

Tlie residual mixture of sand and crude’indigotin is washed m the 
Soxhict apparatus with hot 10 per cent, siilpliuric acid, which removes 
indigo-gluten aii<l stuue mineral matter, ami with water until free from 
acid; the n^sidue is flnm dried and sulphonated in the ordinary manner, 
the product ilissolved in water, the solution filtered, aii<l titrated with per¬ 
manganate, or titanium trichloride. The accuracy of tlu^ process has 
been detormiiKMl by ;i,ii examination of mixtures of jjure indigotin and 
indirubiii, and tlie reliability of the (colorimetric work, in resjiect of the 
auiount of colouring mattiM* |)r(‘sent, by means of titanium chloride. 

OILS, FATS, AND WAXES. 

rNDEK the terms oils, fals, and waxes (li«|uid and solid) arc conipriseil 
all tlioH‘ iwdurally-IVirincd substances, derived from both Hie vi^gcfahle 
and the animal kmgdcmis, whiidi (consist mostly of glyc(‘rvl or oth<‘r esters 
of th(‘ higher meml)(crs of the several series of fatty »*r aliphalic acids, with 
which in some cases notable amounts of the free fatty ncids and of Ihe free 
alcohols ilKMiiselvi's are admixed. The term wax is also used to d(‘signatc 
c(!rta.in solid hydrocarbons, the mineral waxes (e.g., paraffin wax, o/o- 
k(crit(‘). 

In the examination of the above as to their identity and for thes de¬ 
tection of adulteration, valuable aid is hmt by physical methods of examina¬ 
tion, such as specifiic gravity, refractive ind((X, rotatory power, etc., foi’ an 
acjcouiit of which other works must be consultinl. chemical methods 
of examination aixi based on the determination of “ valiums,” which fiirnisli 
a measuix* of the quantity of the acids, alcohols, ote., present, in the sample 
examined, witliout, how(*ver, fixing their absolute (luantity. In order to 
se(cure<*omparable results, it is absolutely essential to adhen* strictly to tlie 
minutest details as to the preparation of reagents ami manipulation of ex¬ 
periment prescribed for each determination. The most important 
“ values ” are the following 


*./. (7. S., 1910. 28,168. 
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(1) Acid value. 

(2) Saponification or K i) 11 s t o r f e r value. 

(It) Reichert (R e i c h (' r t - ftl o i s I or R e i c h e r t - W o 11 n y) 
value. 

(4) Acetyl vjilm*. 

(5) (nroniine or) Iodine value. 

In addition to the ahov(\ the percentaj^e of insoluble fatty jxcids is 
sonietinu's nderred to as the “ II e li n e r value ”. It usually from 

about On-S to J)6 )ier cent, in tlu^ case of fats containing; only minute 
(juantities of soluble fatty acids. It shoul<l be noted, however, that the 
insoluble fatty jicids obtained from oils and fats after saponification con¬ 
tain varying; amounts of unsaponiliable matter. Hence the term 
“He liner valin^” comprises insciluhle fatty aeids + nnsa|)onitiahlo 
matter. The “ Po I e n s k e value” will l)e ref<*rred to in eonni^ction with 
the Re i c It r t value. 

The Acid Value. -This is determined hy tlH‘ numhiM' of miilij;rams of 
potassiupi hydrate (KOK) recpiii-ed to saturate the fr(‘e fatty ncids in 
I j;m. of oil, fat. or wax. 

The standard alkali ummI in thi^ process may he of “/2, “/a, or 
stren^dh, ac<*or(linj; to the nature and amount of fat, and may he either 
in aijueous or alcoholic solution, and the indicator is preh'rahly phenol- 
phthalein. Tlie sample may he dissolved in pure alcohol, metliyl alcohol, 
purified niethylat<*d spirit, or a mixture of alcohol and (dher; hut what¬ 
ever solvent is nseij it shouM he tested for aridity, and if any is jireseiit it 
is liest mnitrairzeii oxax-tly witii alkali. 

Jjquid fats, say about 10 gm., an‘ weighed into a flask, and alxait 
50 e.e. of the neutral solviMit, with a few drojis of indicator, adiU^l. The 
titration is Llieii made with constant shaking, the alkali solution being 
run in slowly. 

Th<‘ first appearance of a pink <'oIunr acct'pOxl as the imd ; othi'rwise 
hy standing a little time the colour may disappear, owing to saponification 
of inmtral casters. Solid fats or wax(;s should l)e heated on a vvater-laith 
until the solvent boils, then at once titratisl. 

In some substances alcohol alonc! will not give a <*lear solution (which 
(Iocs not r(«illy matter), hut if a clear solution is desired a mixture of (dln'r 
and aleohol may Ik* us(*(I and the titration made with alcoholic alkali. 
The number of c.c. of .standard potash used taken in milligrams of KOH 
will give tlu‘ calculation for acid value. 

If F gni. of fat or oil nspiin* N e.c. of alkali soliuion, then 

, . , , X X 5(11 

Acid vhIu(5 • — ,, ”. 

K 

In (ii'der to ex|>r<>SK the acidity in tjciwtitagos of oieic a^’ici, tiio formula 
required is 

<11 • -I < N X 2-is2 

Oleie iKud per cent. = ‘ “p ^ ■ 

In tho case of fata obtained from tlie kernols of tlie (•ocoimt group, 
sucli as coconut oil, palm kernel oil, tucum, babassu, etc., the acidity is 
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calculated as laiiric acid by the followitij' formula 


baiiric acid per cent. 


2N 

K' 


Exami’I.b.—S' 254 gin. of tallow troatoil as above roquired .S'5 e.e. of »/.« KOH 

8*5 X r>’Gl 

or 3*5 X G’Ol mgm. KOH. Ilonco acid value -2:254 ^ 

T[i (5 of fiw fatty acids (cxpix'ssiMl as ohde ai-id) is obtained 

hy multijdying the judd vahu? by ()’50J}. 

Saponification or Kottstorf er Value.- This indicates the nunilmr 
of milligrams of potassiutn hydrovidiM'cijuired for the complete saixiniti- 
cation of 1 gin. of a^fat or waK. It expresses the amount of potassium 
hydroxide, in tenths percent., re<{nire<I to neutralize tlie total fatty ju-ids 
in 1 gm. of a fat or wax. 

The solutions r(“<iuired are:-- 

Standard hydrochloric aciil.- -Semi-normal stnmgth, i.i*. 18,-2134 gm. 
(MU- litre. 

Standa,rd solution of caustic pofasti in alcohol. This sliould contain 
about gm. of KOH per litre. Methylated sjiirit' in which caustic 
jiotasli has been dissolved and allowi'd to stand for several days, and then 
distilli'd, ma,y lie ns(‘d in of |>iire aleoliol. In any i-ase the strength 
should not be less than 90 (ler cent., and tin* solution sliould be made from 
alcohol vvhicli will not giv(‘ a yellow colour alter bid'ig boiled witli very 
strong solution of (-anstie potasli and loft standing for half an liour. As 
the solution changes in strength, it is not (lossible to rely upon its being 
semi-normal, but it should lx* roughly adjusted at about tliat strength 
witli absolutely accurate Iiydroehloric aeid, and a htank i‘,x}H‘,riiiieut made 
side hy side irith eiieh titration of fat. It is Ixist kept in tlie dai’k. Tlie 
excess of (Hjiasli used in the fat titration is thus e\))ress<‘d in hu-ms of ^{2 
acid, and to arrive at the (lercentage of potash, (‘acli c.c. is multiplied by 
()’0280r). The “saponification eipiivaicnt” of tln^ fat or oil is found by 
divi<ling the weiglii of the sample in milligrams by llic number of e.e. of 
normal (not ^Iz) acid <*orrespoiiding to the alkali neiilralized by the oil. 
If tile percentage of potash is known, thes sajionification eipiivalent may l»e 
found bv <lividing this percentage into 5()11, or if NalfO is th(5 alkali used, 
into 4lK)l. 

Method of ITcooedukk: Alxmt 2 gm. of tin* clear tiltm-ed fat are 
wiughed into a dry 200 c.e. Ihisk of re'sistaneo glass, 25 e.e. of neutral 
alcohol, tlieu 25 o.c. of standard pidasli solution added hy means of a 
pipette. At the same time another 25 c.e. of the same alcohol and 25 c.c. 
of the ‘ilcoliolic (lotash solution are run into a similar flask. The Hasks 
are connected to reflux condensers, and heatixl (ireferalily in a water- 
hath, so that the alcohol boils briskly for 30 minutes. The fat-eontaining 
flask should be shaken witli a rotary movement from tiim^ to time during 
the perioil. 1 c.c. of phenol|))Uiialein solution is then added to each flask, 
and the contents titrated wliile hot with ^j 2 acid. 

1 ‘ ‘ lutln^trial ” methylattid spirit is the most suitable for tins purpose, as it remains 
clear ou dilution with distilled water. 
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Ecsults al'o calculated as shown in the following example 

Examplk.— 1*532 gm. of oJivo oil were saponified with 25 c.c. of alcoholic 
potash, and 12*0 c.c. of ^[2 hydrochloric acid were retjuired to titrate back. 
Another 25 c.c. of alcoholic potash measured out at the same time required for the 
blank test 22*5 c.c. of the standard acid. 

Hence, the. amount of potash used for saponification was 

(22*5 - 12*0) X 0*02805 gm. — 204-5 mgm. KOH for 1'582 gm fat, 
or for 1 gm. of fat 

294-5 
1%W2 " 

Tlu; of calculation adojitcd hy K o 11 s 1 0 i* f 11 v is to ascei'tain 

the numboi'uf luilligrams of KUO rcqiiircil to saturate the acids contained 
ill 1 gm. of fat, or, in other words, parts per 1000. ire found that, 
operating in this way, pure butters reKpured from 22L*5 to 232-4 mgm. 
of KHO for 1 gm., whereas the fats usually mixed willi Initlm-, sueli as 
beef, mutton, and pork fat, required a maximum of 197 ingni. for 1 gin., 
and other oils and fats much lOss. 

I*racti<‘ally tliis means that the amount of KHO reipiired for genuine 
butters ranges from 23-24 to 22*15 per emit., the latter being the inferior 
limit. If eaustie soda is used instead of [lutash, other mimhers must, of 
course, he used. 

'J’he following lisj shows tlie parts of KllO reqiunsl ihm* 1000 i>f fat; 
the first four lieing ealeiilated from llieir known eijuivalents, llii; rest 
obtained experimentally by Kottstorfer, Allen, S tod dart, or 
A r c h b u 11 : — 


Tripalmitiu 

208-8 

Niger oil . 



190*2 

Tristeariii . 

180-1 

Lin send 


. 192 to 195 

Triolein 

190*4 

Cotton seed 


. 193 

195 

Tributyrin . 

557*3 

Whale 


. 188 

, 194 

Coconut Oil 

. 240 to 260 

Seal . 


. 1B9 

„ 190 

Dripping . 

197*0 

Jlape (colza) 


170 

.. 179 

Lard . 

195*4 

Cod liver oil 


. 171 

1B9 

Horse fat . 

. J95 to 197 

Castor 


. 1K3 

180 

Ijord oil 

. 191 „ 190 

Sperm 


123 

147 

Olivo oil . 

. 185 „ 190 

Shark liver 
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Acid Value and Saponification Value (Combination Method). These 
determinations may lie made eonseeutively on the same weighed amount 
or sampl(‘ as follows : — 

About 4 gm. of the clear filtered fat or oil ar(‘ weighed into a saponi¬ 
fication flask and 25 c.c. of hot alcohol containing 1 c.c. of jihenoJ- 
phthalein solution, and previously neutralized, are added. Standardized 
alcoliolic alkali solution is then run into the solution from a burette until 
the liquid liccomos pink, w'arming if necessary. Tlie number of c.c. re¬ 
quired by the free fatty acids is noted and the addition of alcoholic alkali 
continued till 50 c.c. in all have been adiied. The process is then con¬ 
cluded as described alxive. A lilank test is made with 50 c.c. of the 
alcoholic alkali delivered from the same burette, similar quantities of all 
the reagents being likewise used. 
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The Ester Value. —This indicates the nuiubor of milligrams of K.OH' 
required for the sHt>onification of the neutral esters in I gni. of a fat or 
wax. 

VVh»‘rt^ the fat eontains no fr(«^ fatty acnds the ester value is th<! same 
as the previously mentioned saponitU-atiou value, but as many fats or 
wax(‘s do contain small (juantiiios of free fatty acids the saponification 
valu<^ iiicludes both, and tlKnxdoix* the ester value is the dilTercnce between 
the sa}X»nilication and the acid value. 

The Reichert (Relchert-Melssl, Reichert-Wollny) 
Value. -’I'liis indicates the number of c.c. of **/io KOH required for the 
neutralization of that portion of the soluble volatile fatty acids whicli is 
obtained from 2*5 (or f)) gin. of a fat or wax by the Kei<*bcrt di.s- 
tillation process. 

K c i c li r i originally used 2*5 gm. of substance, but iM e i s s I sug¬ 
gested that 5 gm. would be a move convenient quantity, ami tins is the 
amount now generally usoil. W o 11 ri y, in his modification of the' 
U(;ic. h(‘rt process, also uses 5 gm. of substancix It is important to 
note that IJiis process ami its modifications do not yield absolute value's ; 
thev merely give a ineasun^ of thi‘ total volatile acids present in an oil, fat, 
or wax.' Foi- purposes of <'oni))arisou, esjxvially in the examination of 
biiller fat, the relative numbers thus oldaiiied are of great value. The 
numbers given by the Me is si ami \V(dlny modifiealions are not 
necessarily twice the Reic,hert valuer. In tie* case of butter fat, how¬ 
ever, it is quilc^ admissible to work with 2'5 gm. luid'to multiiily tlio 
result bv 2’2 in order to obtain niiinliers comparable with those found by 
the R 0 i c h 0 r t - M e i s s I or the R e i c li o r t - W o liny pi-ocess. On 
thc! other hand tlii^ quantity of 5 gm. must be rigorously adhered to in the 
ease of coconut oil and palm k<Tnel oil. 

The description of the process as usi^d for butb'r will prai-lieally apply 
to other falty matters. 


BUTTER. 

The Reichert or Reichert-Meissl Method. This process 
consists in saponifying the fat to bo examined by an alkali, separating the 
fatty aculs by neutralizing tlie alkali, and distilling oil the volatile acids 
(chielly butyric and eaproic) for titration with standard acid. In this 
and K i) 11 s t o r f e r' K method, where also alcoholics solution of caustic 
alkali is used, it is essential to avoid absorption of CU.j by long exposure. 

The lu'c'cssaiy solutions are:--- 

1. Standard barium or potassium hydrate. ”/io strength is most con¬ 
venient, but any solution approximating to that strength may be used, 
and a factor found to convert it to that strength in calculating the results 
of titration. It must lac carefully preserved from Cti by any of the usual 
arrangements, and where a constant scriics of titrations are carried on, it 
is best to have a store-bottle and burette fitted, as shown p. 13, fig. 12. 

2. Phenolphtbalein indicator, see p. 37. 

3. Alcohol of about 90 per cent, strength, and fri‘,e from acid or alde- 
hj^de. 



m 


bUTfEft. 


4. Solution of caustic soda. Made by diesolvinfj; 100 gm. of good 
sodium hydrate iii 100 c.e. of distilled water wliieli has been recently well 
boiled and eooled ; this solution will not be <*ontaniinated with C(),^ to any 
extent, since any NfX-jCO.t wliU'li might be formed is ((uite insoluble in the 
strong solution ; it must be allowed to stand until (juite clear, then poured 
off and well })res(M‘ved. Or Unbu- than this, about 2 gin. of solid stiek 
IKitash or soda may be adde<i with 50 c.e. of 70 {M*r cent, ak'ohol to 5 gm. 
of butter when eommencing saponification. 

5. Sulphuric acid for separating the fatty acids is made iyv diluting 
25 c.e. of strongc'st HnS 04 to a litre with water. 

t>. The ap])aratns for <ligestion and distillation are shown in tig. 50, 
the same F’ r i e n m e y r flask being nstal for tlie dig(‘stion and fur the 
distillation. 'I’he distilled liquid drops int(» a small funrud containing a 
small porous filter for sejtarating any scum which mav {►ass over with 



the distillate; the receiver hohiing the funnel is marked at 50 c.e. and 
lfM)e.(;., so as to be available tor either 2-5 gm. or 5 gni. of butter fat. 

The following methoil of manipulation as drawn u|> by the Associa¬ 
tion of (Jttieial Agrienltural tdiernists, II.S. A., is |■eeolllmended as being 
all that is required to ensure accuracy, and applies to the treatment fo 
approximately 5 gm. of fat for eaeli o)>ei'ation. Many oi.«‘rators prtd'er 
to take alwint half that (juantity, which saves time, and iiernl not be any 
the less jwenrate. 

ruoCKsS: Weighing the Fat: The laitte.r or fat to be examined 
should t>e melteil and k<*pt in a dry, warm jilace at about (UPi 0. for 2 
or 3 hours until tho moisture ami curd have entirely settled out. 
The clean siiijcrnatant fat is |)oured off and filtei-ed tiirougli a dry filter- 
pafier in a jacketed filter containing boiling wuitor, to remove all foreign 
matter and any traces of moisture. Shouhl tlio filtered fat in a fused 
state not be perfectly cli^ar the treatment al>ove mentioned must be 
rejM^ated. 

The saponification basks are prepared by having them tlioroughly 
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washed with water, alcohol, and ether, wiped perfectly dry on the out¬ 
side, and heated for one hour to 100’ C. The flasks should then he 
placed in a tray hy the side of the halarico and covered with a silk hand¬ 
kerchief until they are pcu'fectly cool. They nnist not las wipt*d with a 
silk handkcrchieC within 15 or UO niinuh’s of the tini«‘ they are weij^hed. 
The weijiht of (‘ach flask is dotormnied a(tcnratelv, usinj; a flask for a 
counterl)alanc(* or not, as may he convenient. The vvei^dit of tli(* flasks 
Imvin" heiMi accurately determined they are eliargcd with tlie melted 
fat in the followinj; way 

A iiii«‘tt(‘ witli a long stern mai’ked to deliver r)'75 c.c. is warnKul to 
a temjMTatni’e of ahont oO° The fat having Ikmmi )>oored hack and 
forth onc»‘ or t\s ice int(» a dry heakm’ in order to thoroughly mix it, it is 
taken np in the pipette, the noiczle of the pipette carried to near the 
hottoitr of tlie flask, it having been pivviously wiped t<i remove any 
adhering fat. The 5-75 e.e. of faf< are allowed to flow into Die flask and 
the pipette is removed. After th<i flasks have lie<*n charged in tliis way 
they should re-cuvei’cd with tlio silk handkerchief and allowed to 
stand 15 or 20 niimites, when they are again' weighe<! to asceitain the 
exact amount of fat, 

Tiik S\i'onikication : 10 e.e, of 00 per cent, alcohol arc added to tlie 
fat in the flask. 2 c.c. of the concentrated soda solution or 2 gm. of solid 
alkali arc added, a, soft cork stopjier inserted in tin* flask and tied down 
with a piece of twimn The saponification is then l•ompletod iiy placing 
the flasks upon the water or steam hath. The flasks during the saponifi¬ 
cation, whicli sliould last for 1 hour, should Ix' gently rotated from time 
to tim<‘, being careful not to project the soap for any distance up tiie 
sides of the flask. At the end of an hour the flasks, after having lieen 
cooie<l lo near the room temperature, are ojiened. If solid alkali is used 
insteail ofa.<|ueoiis solution, alcoliol of 75 or KO per cent, in larger (jnan- 
tity may he use<i. 

Ukmovai. of tuf Au'Oiiof.: Tlie stoppers having been lai<l loosely in 
the nioutli of the Masks, Die alcoliol is removed liv dijijiing the flasks 
into a steam hath. The steam should cover the wliole of the Mask 
e\ee])t the neck. After the alcohol is nearly removixl, frothing may he 
notieetl in the soap, and lo avoid any loss from this cause, or any creeiiing 
of the soap U|) the sides of tlie Mask, it shonM tx‘ takini from the hath 
and shaken to and fro until the frotliing disappears. The last traces of 
aleohol vajioiir may he remove*] from the Mask hy wa\ing it Inaskly, 
moutli ilown, to an<l fro. Complete removal of the alcoliol with tin* 
precautions above n*d«M| should take ahont 45 ininntes. 

DissoiAiNO THK SoAP: AftiW the reinova.l *)f the alcohol the soa[> 
Bhould lx‘ <lisso|yed l)y a<lding 100 <-.e. of nHxnilly hoil(‘d distille*! wat(*r, 
and wanned on thi^ shnim hath with occasional sliaking until Die soap is 
completely dissolved. 

Seti’INc Free the Fatty Acids: When the soap solution has coohal 
to about Oir or 70'-' C., tlu^ fatty aoi*Is are s(‘])arate*l hy adiling 40 c.*-. of 
the diluti^ sui[)huric acid mentioned aiiove. 

I Meeting the Fatty Acids: The flasks should now lx* ro-stopiiered 
as in the first instance, an<l tlie fatty acids melted hy repkieing the flasks 
on the steam hath. According to the nature of the fat exainined the 
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time required for tlie fusion of tlio fatty acids may vary from a feW 
minutes to hours. 

The Distillation : After the fatty acids are comph^tely melted, wdiieh 
can be determini;d ))y tlieir forming a transparent oily layer on the sur- 
facMi of the water, the flasks are cooled to room temperature and a few 
pieces of pumice stone adde4l. The puiuica; stone is j>r<‘p.ir<‘d ))y throwing 
it, at white hent, into distilled water, and keeping it under water until 
us(5d. The llask is now coimect<‘d with the <;ondenser, slowly heated with 
a nak(‘<l flame until ebullition begins, and then the distillation continued - 
by reguhiting the fiame in such a way as to collect 100 c.(‘. of the distillate 
in as nearly as possihk* 30 minut(;s. 

Some o)>erators distil UO c.c. from 5 gm. of butPn- into an ordinary 
nu‘asuring flask, then filter and use 100 c.c. for titration, the imintM^r of 
c.c. of alkali used is multipli»Hl hy Id which giviw the Keichert- 
M e i s s 1 value. 

The altove methods t>f pre\)aration are soniewhat tedious, but ex- 
peneniHid o|K*rators will find metliods of working so as bi occupy less 
time without loss of accuracy. 

Titration of thf Volatile Ac’ids: The KM) c.c. of tln^ iiltenid 
distillate are pourc<l into a b(‘aker holding from 200 to 2r»0 c.c., 0T> c.c. of 
plumoljihthalein solution added, and decinornnd barium oi' potassium 
hydrate run in until a red <'olour is |)roducod. The contents of the 
Ijeakcr are then returiu'd to the measuring flask to r<‘move any acid n;- 
maining therein,iponred again into tlu^ l)eakcr, and the titration continued 
until the red colour produced remains apparently unchanged fur 2 or 3 
minutes. 

Where the greatest aeeuracy is required it is best to earry out side by 
side a blank exjierimeiit with the same amounts of alcohol, alkali, etc. 

ft must be borne in mind that this method yiehls only a jiortion of 
the volatile fatty aci«ls, but tiie exjuTience of the author and a host of 
other very competent operators clearly sliows j.liat the distillate from 6 
gin. of genuine normal butter fat produced in districts of medium tem- 
ixu-ature, when carried out as descrilxMl, shoiikl require not less tlian 24 
C.c. of ^'/lo alkali to neutralise the volatile acids prewait. It is true that 
butters known to be genuine have occasionally licen found to give lower 
figures frt>m some unexplained causes, one of which seems to be due to 
milk taken from cows towards the end of tlicir |Xiriod of lactation. The 
figure mav also rise to 32 or 33 c.c. of alkali. This is often the case with 
butters produced in warmer climates thiin Great Britain. 'I'lie general 
average for butters taken from the mixed milk of a numl»er of cows will 
l>e Ixdwecn 27 and 28 c.c., whereas mai'garine (except wlien consisting 
largely of coconut oil) will rarely require more than Ov") c.c., beef fat and 
lard about the same, while coconut oil, which gives the highest figures, 
requires about 7 c.c. 

It may, therefore, lx; concluded that any sample of butter fat which 
reipiirc's less than 24 c.c. of N/y, alkali must be looked upon with sus¬ 
picion. 

Tlie minimum value recommended in Great Britain, Trance, and 
Gei’many, is 24 ; Sweden, 23; and Italy, 20. 

A Joint Committee of the Brineipal of the Government Laboratoiy 
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And the Society of I’ublic Analysts, a«lo])ted in 1900‘ the Reich(M't- 
W 0 11 n y method as the official metliod for determininfj tlic pcr<;(^’ntago 
of butter-fat in mai^rine, tlie object in view b(hn^' to .avoid disciv‘[)anei(‘s 
which nii^dit arise through the (employment of diffcj’^mt methods by 
individual analysts. The following is tlu; official dosi'riptiori of the 
method:— 

The Reichert-Wollny method foi* determination of volatile 
fatty acids in Margarine and Butter.— “ Five gm. of th(‘ liquid fat are 
introdiuaul into a 300 e.e. flask, of the form seen in the ligiirc (hmgth of 
neck 7 to 8 eiii., width of neck 2 cm.). 'I’wo c.c. of a solution 
of caustic soda (98 \m' cent.) in an <M]ual weight of water- pre- 
S(aTed from the atdion of atmosplusrie earhonie acid and 10 c.c. of 



alcohol (about 92 per cent.) ai'(( added, and the mixture is heated under a 
riffiux eoiidenser, connected witli the flask by a T-j»iece, for lo juinutes in 
a bath containing boiling water. 'J’lic alcohol is distilled off by liiiating 
till? bask on the water-hath for about half an hour, or until the soap is 
dry. 100 c.c. of hut wat(‘r, which havt; been kept boiling foi- at least 
10 minutes, are added, and the flask heated until the soap is dis- 
H(j!ved. 40 e.e. of lioi’mal sulphuric acid and thrc(‘ or four fragmciiits 
of pumice oi* brokcMi pipe-stems are added, and tin; flask is at onc(? (con¬ 
nected with a condenser by iiKwns of a glass tulx^ 7 mm. wid(c and 15 
(cm. from the top of the cork to thes Ixmd. At a distance of 5 cm. above 
the cork is a bulb 5 cm. in diameter. The flask is supportixl on a circular 
piece of asbeshw 12 cm. in diameter, liaving a hole in th(‘ centre 5 cm. 
in diameter, and is first heated by a very small flam(i, to fuse the 


'See Analyst, 1900, 28, 309. 
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insoluble fatty acids, but the heat must not ho sufficient to cause the liquid 
to boil. The heat is increascid, and when fusion is complete 110 e.c. are 
distilled otf into a j^raduatecl tiask, the distillation lastinfj about 30 
minutes (say from 28 to 32 minutes), tiie distillate is shaken, 100 e.c. 
filtered off, liaiisferred lo a beaker. 0'5 e.c. of piuMiolphthalein solution 
(1 ftni. in UK) e.e. ah'ohol) a<ld<^d, and the filtrate tilratiHl with decinormal 
soiia or baryta solution. Ihveisely the same prociHlure (with tlie same 
reagents), omitting the fat, should be followed, and tht‘ amount of deci- 
norma! alkali requin'il to neutralize the distillate ascertained. This 
should not exc'eed 0-3 e.e. Tin^ volume of decinormal solution of alkali 
used. I(‘ss the tigure obtained by blank ex|)eriment, is multiplied liy 1*1. 
The number so obtained is the “ lie i e h erf- \V o 11 n y Number 

Notks on Till’, RIkthou; The sample i.s meltotl and filtered from curd aud 
water tlirougli a dry filter. From the filtrate the gni. <>f fat for the process 
are taken. The soda solution is filtered clear from carbonate formed in its 
preparation, and kept in a special bottle. The Soxh 1 et spherical condenser is 
a convenient one for the refiux distillation. This is fixed near the water-batli 
in which the saponific,atiun is to take plax’e, and is connected with the flask by 
means of a T-piece and ludia-nihber tubes incliued at an angle of 4h'\ During 
the saiX)mficatioa the free limb of the T-piece is directed upwanls, and its end 
closed by a short piece of india-rubber aud glass rod. At tin* end ot 15 minutes 
this hmh is turned downwards, and tlie piece of glass rod, replaced by a Lube 
carrying away the alcohol. 

One hundred d.c. of hot distilled water are added, aud the flask frequently 
shakeu until the soap is dissolved. The Ijiobig is a convenieut form of con¬ 
denser. One containing a column of water 30 to 35 cm. in length gives sufliciont 
coudensing surface. After shaking the distillate about 5 e.c. are filtered through 
a dry paper into a 100 c.c. fiask. This serves to wash out the flask. When tlie 
100 c.c. are trausferred to a beaker, the flask is not washed out, but the main 
quantity is neutralized with the standard solution of alkali and returned to the 
flask, then again transferred to the beaker aud the titration completed. 

The Homovsliat lougtliy l»r(MM‘ss of sapoiiilicHtion in tho Jihovo motliod 
may inlvaiitagoouisly he nqilacod by tin* following, <luo to hi* dm an n & 
'h 0 a m :' 

First, pvciiaio a solution of KM) gni. caustic soda (08 to 00 pur cent, 
pow'dored caustic answ«‘rs well) in wati'i* and make up to 200 c.c. I'ut tlie 
solution in a bottle wilti a rubber stopjH.ir and allow to stand 1:11 quite 
clear. 25 e.e. of the ch*ar solution ani then pipetted into 125 e.e. of pure 
glycerin in a flask and well mixed. Next 5 gm. of the fat are placed in a 
300 c.c. flank, 10 c.c. of tlie glycerol-soda added and the flask heated 
cautiously over a small Bnnseu flame. Mu<*h foaming takes place, aiul 
the flask sliould he vigorously shaken. Compleh* saponification takes place 
in less than 5 minutes, the process l)eing complete when tint foaming has 
entirely ceased. 'Die hot soaf) is then ilissolvitd at oikm^ in 90 c.c. of water 
that has recently hoileii, adding it drop by drop at first. Tlien 40 c.c. of 
dilute sulphuric acid are adiied, together wdth a few pieces of broken pipe¬ 
stem, and tlie distillation proceedeil with as aliove. The usual blanks are 
0‘2 to 0‘3 c.c. of **/io alkali for the 110 c.c. of distillate. 


Anali/st, 1891, 16, 153; 1892, 17. 65. 
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The glycerol-soda solution shoiild he kept in a flask closed with a rubber 
stopper ami inoasurod by means of a ratlier wide glass lub(* mark(‘d to 
dcliv<u' 10 (*,c. 

LewkowiI sch' bslities to the fact that the valms oldained by 
the above method are practically identical with that obtfiii)e<l by the 
Ji e i c h e r’t - W o!! n y process. 

The Water-insoluble Volatile Fatty Acids (Polenske). 

This de,)(‘niiinal inn is best made by PoUMiske’s nu^lhod which is 
carried out as follows ;— 

Saponify 5 ^\n. nf the filtered hntter-fat l>v tin* Le f f m a n n - H earn ^ 
pr(K*ess (lesci‘ih(Ml alinv«‘, taking care 
not to overheat the mixture of fat and 
•glyetM’ol-soda. Allow to cool below 
HXP 0. before adding 00 e.c. of water, 
and dissolve IIk' mass Iw warming 
on the wah'i'-batb lo al}oiit 50'^ (t. 

The sointion must In' ch'ar and al¬ 
most (‘olonrless : if of a. brou n colour, 
the test Jiiiisi b(‘ r(‘j<*cted. To tin* 
hot soap solution add 40 c.<'. of tin* 
dilute sulphuric acid and 01 gm. of 
Jinehj pov.drrcd pumice and a,lta.cli 
immediately lo Ihe condenser. Tin* 
appaia,tus list'd must agna' in all de¬ 
tails with the diiiK'iisions givaui in 
lig. 52. Ih'gulate the lii'al so that in 
10 to 20 minutes llOe.c. are distilled 
over, and Ihe How ol water Ihrongli 
file condc'iiser so tlial llu' ilislillale 
does notdfop inlo IIm' llOc.c. flask at 
a higiK'r li'inpcral lire Mian 2(r to 2!r 
0. When 110 e.e. ha\'(‘ <lisl ill(*d ovi'r, 
remove, the huriu'r and rejilaci* Mi<‘ 
flask hy a 20 e.e. measuring cylinder. 

The 110 e.e. flask wliieli must mit 
he shaken, is iminei-sed almost eom- 
pletely in v\ater at 15’ 0. After 5 
minutes’ standing tin; neck is gc'jitly 
tapped so that the oily drofis floating on tin' surface in.iy adheix^ to file 
walls of the llask. After a fiirther 10 minutes the consistence of the iu- 
soluhle iwids is noted, with a view to ascertaining whether tlujy form a 
semi-solid mass or oily drops. The flask is tlien corked and its contents 
mixed hy turning it upside down se\'eral times, avoiding, iioweva-r, any 
violent sliaking. I(K) c.c. are then fill('re,d through an H eni. dry tilti'r and 
titrated with *^/io hariuni or potassium hydroxide, as in the K e i <• h e r t - 
,W o 11 n y jiroeess. The insoluble volatile acids on the filter are washed 

' Oih, avd Waxes, 4th edition, Vol. I., 3‘34. 

^ Aliiohol l)eiiig iuadmisfiible in this process. 
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throe times in succession with 15 c.c. of water that has previously been 
passed successively thro\i<;h tlic tube of the condenser tlio 20 c.c. measur¬ 
ing cylinder, and the 110 c.c. flask. These wash waters are rejected. The 
water-insoluble volatile acids are tlnm collcKded by rinsing the condenser, 
cylinder, and flask three times in siUTt^ssion with 15 c.c. of neutralized 90 
per cent, ah^ohol, and the ah'.oholic washings poured on to the filter—ofich 
being allowe<{ to pass completely through fa^fore the next washing is 
atld(Ml. The al<‘oholio filtrate is then titrated with ^‘/lo alkali. The figure 
so obtained is calle<i the P o I e n s k e vahu*. For Imtter it varies from 1 *5 
to 3-0 c.c. and for coconut oil from 10*8 to 17’H c.c. In order to obtain 
concordant resuKs with this method, it is absolutely essential to follow the 
jirocc'dure givi'ii above in all its niinulest details. 

Le w ko vvi t si; h found bhal the Poloiisko values (d genuine French and 
Finnish Imtters ranged from bo -t'l, and tliuso of rocomit oil from 15'5 to 20'4.‘), 
while palm kernel oil gives values lying between 10 and 12. Several attomjits 
have been made bo determine the proportions of coconut oil in mixtures of coconut 
oil and butter fat bj means of the Po 1 on sk e number, Imt in view of the above 
range of values quantitative results should be reci'ived witli great caution, especially 
with regard to alleged small additions of coconut oil to butter fat. T a 11 o k and 
Thomson* have also critically examined this process and express the opinion 
that “ the possibility of the detection of even 10 per cent, of coconut oil m a butter 
by the P o I ens k e method is very doubtful ”. But in tlin case of margarine “ the 
P o 1 onske number appears to be quite reliable within limits of say 5 per cent.”. 
They oiitaincd results within d per cent, of the truth, where there was d5 per cent, 
of coconut oil present. Margarine contaming no eocoiuit oil gave O’lHeiehcrt- 
W 0 11 n y and 0'5 P o 1 e n a k e values. 

The Acetyl Value.— Tliis indicalcs the nnmbci- of niilligrams of KOH 
r('(iuii*cd For Iho rnuilralizatioii of the acetic acid obtained on saponifying 
1 gm. of an acctvialc*! oil, fat, or wax. 'I'his treatment of fats was intro¬ 
duced by JIiMiedikt, atid a jn’oeess by himself and IJI z o r for acetyla¬ 
tion and <let(U-minal ion was arrangisl; but as tlio results were not consistent 
with modern ideas, b e w'k o w i t s c li ^ modified the method ami pro- 
[losed to detcrinin(> the true lua'tyl value by actually titrating the 
amount of acetic acid assimilated liy the bvdro\ylato<l acid intlieform 
of ai'ctyl C.>TT,() and given up on saponilii-alion as acetic aciil to the 
standard alkali. 

'I'lic metluMl is as follows : 

Method of Piioceduuk : 10 gm., or any otlnu’ t'onvenient quantity, 
are boiled with twice the amount of acctii; anhydride, for 2 hours in a 
round-bottomed flask attached to an inverted condcns»>r. The solution is 
then transferred to a beaker of about I litre capacity, mixed with 500 to 
COO c.c. of boiling water and heated for half an liour, whilst a slow current 
of carbon dioxide is passed into the li(|uid through a finely drawn out 
tube reaching nearly to ilio bottom of the lioakor; this is done to prevent 
liumping. The mixture is tJien allowed to separate into two layers, the 
water is sipboneil off, and tlie oily layer again boiled out in the same 
manner thr<?e successive times. The last trace of acetic acid is thus removed 
—this l>eing ascertained by testing with litmus pap<w. Prolonged washing 


j./. .s. C. 1909, 28 , 69. 


Ibid,, 1897, 18, 503. 
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boyond the recjnired limit cauBOR slif^ht dissociation of the acetyl product. 
'Ihiw would lead to too low an acetyl value. The acctylated product is (hen 
liltored thi’ou^di a dry filter-papor in drying? oven to remove water. 

This operation may be carried out quantitatively, and in tliat case the 
washing is best dt)no with boiling water on a weighed filter. On w«ughing 
the acctylated oil or fat, an increase of weight woukl prove that assimila¬ 
tion of acetyl groups liad taken place. This method may be found useful 
to ascertain preliminarily whether a notable amount of hydroxyiat(Ml acid^ 
is present in the sample under examination. 

About 5 gm. of the m'etylah^d product are then saponified by means of 
alcoholic potasli solution as in the well-known determination of tin* saponi¬ 
fication value, ff thf^ “ diHilllatio'i procf’ns ” be adopted it is not necessary 
to work with an accurately nieasiired quantity of stan(lardize(i alroholic 
iwitash. In case the '‘filtration /uwc.ss ” lx* used, the alcobelie potash 
must l)(‘ measured exactly. (It is, however, advisable to employ in either 
ease a known volume of standard alkali, as one is then enabled to det(‘r- 
mine tin* sa[>onili<‘atioii value of the a(X<tyla(ed oil or f;i,t.) Next, the 
alcohol is evaporated and the soap tiissolved in water. From this stage 
I he determination is carried out either by (a) the “ distillation process ” or 
{h) the filtration process ”. 

( a ) Distillation Fuocess. -.\<ld dilute sulphuric ai'i<l (I: !()) more 
tlian is required to saturate the potash used, and distil tlu^ Ii(iuid as is 
usual in Reiehiii-t’s distillation process. Since a large quantity of 
water must h(^ distilled off, either a current of steam is Idown through the 
susjxmdcd fatty ncids or wati^r is run into the distilling'flask, from time 
to time, through a stoppeix^d fumu^l fi.xod in the cork, or any other con¬ 
venient devi(M‘ is adopted. It will he found quite sufficient to distil over 
500 to 700 c.e., as the. last KfO c.c. coiilaiii practically no acid. TIkui filter 
the distillates to nuuove any insoluhli* .acids carried over by tlu^ steam, and 
titrate llu^ filtrate with ^/lo potash, plHUiolphthaDin being the iiulieato?-. 
Muliiplv the numhi'r of a.o. by O-Ol, and divide the product by iIk^ weight 
of siihstaiice taken. 'I’lils gives the acetyl value. 

{b) FiLTiiATiON I’rocess.-- A<ld to the soap solution a (juantity of 
standardized siilphurie a,<*id exactly corresiionding to tin* amount of 
alcoholict potash employed, and warm gently, when tla^ fatty acids will 
readily collixd, on the top as an oily layer. (If the saponification value has 
lieen didermined, it is, of course, necessary to take Into account the 
volume of acid used for titrating biK’-k the (excess of polasli.) Filter off the 
liberated fatty acids, wasli witii boiling water until the washings no 
longer acid, and titrate tlie filtrate with *^/io ixitasli, using [)henolphflial<‘in 
as indicator. The acetyl value is caleulatesd in the manner sliowu ahov(‘. 

13ot!i methods give identical results, but (h) will ho found shorter and 
more convenient than (a). 

The ilistilled water used in det«n'mining the value by either tlie dis¬ 
tillation orthe filtration process should be carefully frei'd from CO.j by 
previous lioiling, as otherwise serious errors may tie made. Even the 
water used for generating steam in the distillation process should bo 
brought to violent ebullition before the steam is passed into tlie distilling 
flask. This source of error may easily occur in the case of very hard 
water. Check experiments with pure acetic acid will readily guide the 
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' oi^erator, if ncoossary. fn mvler to fm-ilitato the separation of the in- 
boinblo fatty acids in flie tiltration process, it will lx; found useful to add a 
slight excess of mineral acifl. Of course this amount must l>e measured 
a^MUiratelv, and deducted from the alkali recjuired for determining tlio 
dissoIv(xi acids. 

A full discussion as to the meaning of the acetyl valium in fat analysis 
will be found in a lengthy pa])or by Lewkovvitsch in The Anab/sty 
189‘>, 24 , 319. 

The Bromine Value. —This indicates tiie [xM-itentage of bromine ab- 
sorl)ed by a fat or wax. This determination was proposed by C a i 11 e t e t 
in 1857 ; but the metlxxl of carrying it out is due to 3! ills* and his col- 
lalx)rati)r^ S n 0 d g r a. s s and A k i 11. Mills found timt it was of the 
utmost importance rignlly to exciiulc moisture when making tin* deter¬ 
mination, since in tlie presence (d' water the value obtained was too liigh. 
He dissolv<*d tlie sample of dried and filtered fat in cai‘l>on tel r.icliloride, 
a<lde(l a standard solution of bromine in carbon tetrachloriih' in excess, 
and titrated back tliei^xeoss with a, standa,rd solution of 3-naphthol lu ear- 
hon tetraeliloride, wlien I'nonobronionapiithol is fornH‘<l. As. however, 
this determination has now been <‘ntir(‘lv super.sedixl l>y the d(‘termination 
of Iodine vahu*, the reader is referriMl, for furtlter information, to the 
original papers on the siiliject already numtiom'd.- 

The Iodine Value. -This indicates the amount of io<line (diloride, ex¬ 
pressed in {X‘r cent, of iodine*, wiiich a fat or wax is eapal>l(^ of absorbing. 
“Thisvaliu' is a measure of tlui! proportion of unsaturateel faitv acids, 
which, both in tlicir free state and in combination with glyc(*rol, have 
the property of assimilating halogi'iis with formation of aelelitive eom- 
pounds ” (L e w k o w i t s c h). The methixl by wliieh the determination 
was carried out was originated by Hnl)l,'‘ wlm [irovexl that from an 
alcoholic solution of uxlinc, in the* presence* of mcrcnncchlonde*, glye'erides 
of the nnsaturatcel fattv acids absorb iodine in a v«*ry n’giilar, well-delineei 
manner, when kept at tlie onlinary tem)H*ratnre, sothit (piantitutivc re¬ 
sults can lx* ol)tanicd. 

'I'ho following solutions are nM|uirod for 11 u b T s process - 

1. Standard hxline Solution.--This is maele by elissolvmg rcspective^ly 
25 gm. of iodine and 30 gni. of mercnri<‘ cliloride, each as [mre as |K>ssible, 
in se})arat(*, portions of 5<K) c.c. cacli of 9-5 jxm’ cent, alcoliol, tlien mixing 
the two liquids, and allowing to stand for 12 to 24 hours (preferably 3 
days) before use. This solution must always lx* standanlized at the time 
of using, and it is aelvisahle not to mix a large quantity unless it is re¬ 
quired for immediab* use. 

2. Solution of Sodium Thiosulphate.—iVepared by dissolving 25 gm. of 
the crystallized salt in a litre of water. It is standardized either by dis- 
solving about 0*25 gm. of re-sublimed iodine, most accurately weighed, 
in potassium iodhle solution (3gm. dissolveil in 6 <u*. of water), dilut¬ 
ing to 25 C.C., and running in the thiosulphate solution from a Imrette, till 

I./ S. il 1883, 2, 435 ; 18S4, 3, .386. 

2 A process lor dctwmiinug “ the bromine addition ” and “ the bromine suUtilution ” 
has been recorded by Me 11 h i n ey, J. S. C. I., 1894, 13, 6ti8, also J, A. C. A, 1899, 
1084, and 1902, 1109. 

^ l>i iig ler* a Poli/t. Journal, liS4,2S\. 



BUTTRR. 


401 


tho solution has only a light yellow colour, then adding starcii solution 
and continuing tho addition of thiosulphate till tho blue colour just disap¬ 
pears ; or by the following In<^tllod,* due to V o 1 h a r d 

Dissolve exactly gm. of pure potassium dieijromatt^ in a litre of 
water. Pipettis 20 c.c. of the solution into a 200 c.c. stoppered bottle, add 
25 e.c. of water, then 10 c.c. of 10 per <’enl. potassium iodide solution and 
5 c.c. puni IlCl, moisten tlie stop[«*r witli the KI solution, ami allow to 
stand 5 minuh's. Fti this way i^xactly 0*2 gin. of iodine is .set free. Wash 
down the stopper with water, dilute to nearly 100 c.c., and titrate with 
thiosulpliab'solution.’'^ The dichromate solution maintains its strength 
Indefiiuh'ly, hence is always ready for standardizing a thiosulphate 
solution. 

The following reaetions take place! 

K.IWJ)-! + 1411(11 -I- OKI - HKDI + (JrX'l,- -i- TH,0 + 31., 
lil.j -f ()Na.jSJ),, - ONal + 3 N;l,S^(),.- 

Ib'iH'ee K,,(:i-./b is e(|uiv!dent to 31., or 2‘J4-2 gm. of the! fornu'r to 
701’52 of till! latter, and 10 gm. of iodine arc .(*quivaleiit to 3*8(»33'gm. of 
di<!hioma,te. I c.i*. of dichruinate solution - ()-tU gm. iodine. 

3. (Ihloroform or (Carbon Tetrachloriile.-'-These should stand the 
following test for purity. Mix 10 c.c. with 10 c.c. of tlio iodine solution, 
allow to stand for 2 or 3 hours, ainl tiira,te. Tlio volume of thiosulphate 
reipiired should he the .same as that reijuircd for 10 c.c. of the iodine 
.solution alone. 

4. I‘oiassiiini Iodide Solution. -.V 10 per cent, solutidn of the pure salt 
is used. 

5. Starch Solution. -This should always bo fresjdy made. About 
0*5 gm. of starch is shakiiU with a little cold water iu a test-tube, poured 
into about 50e.e. of hot water in a larger tube, tho liijuid raisinl to the 
boiling point, then coohsi for use. Or a 1 |ier cent, solution of solubh! 
starch may be uscil. 

Mktiiou of PinK’KniiiiE : Prom Odo to 0‘2 giu. of a drying or fisli oil 
()‘2 to 0‘3 gm. of a s(!mi-drying oil; 0*3 to OA gm, of a non-drying oil; or 
0‘H to I gm. of a, solid fat is dissolved in 10 l•.l•. of clilorofonu or l■al•bon 
tetrachloride in a wi'll-stojipercd, vvide-niontlicd bottle of about 300 to 400 
e.e. caj»a,city, and 25 e.c. of the iodine soluliou run in from a jiipette, 
which should he drained for exactly 15 seconds. After not less than 
4 hours’ s(,a,u(liug in a dark place the liquid sjionld po.s.s(!ss a ilark brown 
tint; ill any circumstan<!es it is ncce.ssarv to have a considerabk! excess 
of iodin(!(at least double tlie amount alisorbed ought to bi! present) and 
the period of standing should be from 4 to 0 lionrs. At tlie end of that 
time some strong solution of potassium iodide should he adiled and 
about 150 e.e. of water (more iodide being added if tlu! liquid dot.'s not 
remain clear), and standard thiosulphate run in at once from a burette, 
witli ('onstaut shaking, till the liipiid beconi(!H yellow. Starch solution 
is then added and tho titration rtnishod iu thc! u.sual way. 

* Le w ko wi t.sell, Oils, Ftls, anil Waxes, 4th Kditioii, Vol. I., p, 312. 

Or 0‘2 gni. of pure dichromate may be weighed out and double the aljove amount of 
iodide and acid added. In this way 0'5177 gm, of iodine is set free. 

^Lewkowit.sch reconimeuds carbon tetrachloride, since chloroform is liable to 
contain alcohol. 

26 
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If after fitanding, say 2 hoiirg, Ujb Holntion liaa lost its deep brown 
colour, it is l>est to make a fresh (experiment witli either less fat or more 
iodine solution. 

A blank experiment should in every ease be made side by side with 
the sample, using tin; same ]>roportions of chloroform and iodine solution. 


ExampM'!.—T o 0*4120 gm. of olive oil 10 c.c. of chloroform and 25 c.c. of 
Hiibl’s solution were added and allowed to stand for 4 hours. At Uio end ol 
that time 18*0 c.c. of thiosulphate were required. The blank, consisting of 10 c.c. 
of ehlorofonn and 25 c.c. of Hiihl’s solution, required 40*11 c.c. thiosulphate. 
Also 


(i) 0*2704 gm. iodine required 21*8 c c. thiosulphate, 
(li) 0*2070 „ „ 10*85 c.c. 

•2704 -2070 

al-i) = 1^85 ^ 


*0127 


Hence 1 c.c. thiosulphate = *0127 gm. indim*. 


Iodine value = 


(40-0 - 18-9) V *0127 
‘ 0* 412 


_ 2H X 1*27 
0*412 
= K0*8. 


100 


The values obtained by H nbl for various oils and fats arc givou in J. S. C. 1., 
1884, 3, 042. 

The relative proportions in which two oils are mixed can bo deduced from the 
iodine value of tlie mixture, thus 

Let la be the mean iodine value of an oil a. 

16 M M 6. 

I the iodine value of the mixture. 


Then 


jrerceutage of oil a — 


100 (T - 16) 

Irt - 16 • 


Example. —A mixture of cotton seed and olive oils gav(‘ the iodine value 91, 
hence 

cotton seed oil = 25 per cent. 

1U9 — Ho 


The valuable improvement made hv Wijs* prodiiees an iodine 
solution which holds its standard strengtli for a very nnich longm* jieriod 
than the original Hub I solution, and also acts nuiidi more rapidly. 
The same results are eventually obtained as in the original Ilnhl 
process when the latter is carefully performed. 

The method projiosed by W i j s is the use of a solution of iodine mono¬ 
chloride in strong acetic acid, in i)la<je of tlie mixture of iodine and 
mercuric cliloride. The original acid used was of 95 jier eiuit. strength, 
but a much better solution is obtained by using acid of not less than 
99 per cent. 

Wijs admits a decrease of about 0'3'per cent, in 96 hours when 
using very pure 96 per cent, acid, but liewkowitsch found it 
amounted to 4 per cent, in 64 hours. This Wijs attributcjd to the use 
of a less pure acid than was used by himself. However, the substitution 


» llerichte, 1898, 31, 750. 
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of the strongor acid seems to settle tlie difficulty completely. Lew- 
k 0 w 11 s c li states that ho has found with 1)9 [ler cent, acid the same 
strength remains for two months; other o|)erators have not found it quih; 
so iiermanent as this, Imt all a.gi’ee tliat it does not alter so as to cause 
inconvenience. Ko far as the weakening of the ;u-etic .'uad iodine 
solution is conce?’ne<i, A. M a r s h a 11' is of ojnnion that it must largidy 
deiiend upon tlio amount of chloracidic acid formed in |ii-eparing tlie 
solution. W i j s liimaelf is of ojiinion tliat if the ludd is [inrc, and 
esiiecially free from oxidizalile matters, tliere should theoretically he no 
[Hissihilitv of any diminution of strength. 

The preparation of VV i j s ’ iodine .solution is carried out as follows: 
(ii) 19 gm. of pure iodine are dissolved in a litre of 99 per cent, acetic 
acid ; the strengtii is then determined hy standard thiosul|)liate, then 
elilorine gas, washeil and dried, is passed into it until the tiler is doiihled. 
Witli a liltle practice the |)roper ending of the elilorination is ascertained 
liy the change of colour from dark brown to light yellow. If the gas is 
passed In until this just occurs the first titration may he dispensixl with. 
Or (ti) .solutions of 7'9 gm, of iodine trichloride and 8-7 gm. of iodine 
rcs|Hictively in glacial acetic acid (using about 400 c c. for each) are made 
up by wanning on tlie water-bath, taking care tliat no moisture from the 
air is absorlicd. The glacial acetic mad mn.st lie |)iire (it must give no 
green tinge wlien warmed with potassium dichromato and concentrated 
sulpliiiric acid). Tlie two solutions are poured into a dry litre llask and 
made ii): to tile mark witii glacial acetic acid. « 

ICI., + = 3101, 

(.Method (a) is the clieaper of tlie two.) 

The ]iroccss of titrating tlie fat is carried out precisely as aliove de¬ 
scribed, witli tlie exception tliat tlie time required for tlie absoiption i.s 
very greatly curtailed. ,1. L e w k o w i t s <• h states that in the case of 
fats and non-drying oils tlie alisorption of iodocliloride is complete after 
half an hour, in tlie case of semi-drying oils after alioiit an liour, and in 
the case of drying oils and marine animal oils in from 9 to (I hours, ac¬ 
cording to the iinsatii ration of theglyceriilos, hewkow i tscli’ strongly 
rccommcmls Wijs’ process. He linds it preferable to tlie HiibI iodine 
solution in almost every case, as it is infinitely superior to Ihc latter as 
regards stability. He has known asohition lo keep its sircngtii practically 
unchanged for 5 months. It can lie jircpai'cd raiiidly, and tlic time s|KMit 
on tile test is very milch siiortened. it is not necessaiy to carry out a 
blank test in every case. Wijs’ solution should be iiiiide at least 24 
lioiirs Ixifore it is re(|uired. 

Tlie results obtained liy Wijs’ nietliod are generally liiglier than 
those given by Hii Ill’s iiroce.s.s, tliis Ijcing most noticcalile in the case 
of tile liiglily unsaturated oils. Tlie results obtained by Wijs with 
inirifled allyl alcoliol point to Ids method giving more i-orrect figures tliau 
tile H li Ii 1 process." 


I./. X C.l, 1900, n, 213. 

Fats, and Waxes, 4tli Edition, Vol. f., p. 32.3. 

"Alloii, Ot/maercial thymic Amlycis, 4th Edition, Vol, II., p. 32. 
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PHENOL. 

- 94-048. 

The cliief voluniotru; mctliod of Ootermining plioiiol is that of W. F. 
K 0 j)pe si; h aa r,^ whk-li is bjisod on the forniatioij of trihromophonol, 
as a snow-white crystalline precipitate, when l)roinin(‘ water is added in 
n»oderat<( excess to au a(pi(;o\iR solution of jdienol, thus 

(1) C«}I,OH + aiJr, - ClaH.Bi-aOH + lUIlJr. 

The same author’s’^ modification of this metluxl, in which a mixture 
of alkali bromide ami broiuate is used instead of bromim^ wahn-, and from 
whicli tlni bromine is liUuated by hydrocidoric acid, is now jfcnerally 
used, the reaction being as follows : - 

(2) r>NaHr + NuBrO., h- CHOI ONaOl + 9Br. -c 

Tlie bromine thus set free, and not (ixe<( by tlie plienol as sliown in 
equation (1), is then determined by adding potassium iodulc* and titrating 
the lib(‘rated iodine with **/io thiosulpiiate : - 

(9) 2KT + Br, - 2KBr + 

(4) I.J + 2Nii,SA - NaaS,0„ + 2NaT. 

'I’he following solutions are required 

(a) Solution of sodium l»romi<le and bromate (5NaBr r NaHrO.,). 
Pipette 300 c.c. of **/i NaOH into a beaker, ad<l bromine till the liquid 
l)ecomes brown in colour and smells distinctly of Immune, then heat the 
liquid till it tKH.-oiues quite colourlt-ss. Cool and diluh*. to 1 litiv. 

1 c.c. - 0-007992 gm. hromiue 
- 0‘00156H gni. plienol. 

Hence 

Iodine x '-^0T2lir) jiheiiol. 

Oi (/») Make a solution of potassium bromide l»y dissolving 5-9.51 
gm. in a litre of water, and a **/ioo solution of potassium bromate l»y dis¬ 
solving 1*670 gm. in a litre. 50 c.c. of each of these solutions are usiul in 
a determination and from the mixture 0-24 gm. of hroinine will Ih^ lilier- 
ated hy m-id, tiiis amount )>eing capable of conve^rting 0-047 gm. of phenol 
into tribromophenol. Both of these solutions keep indefinitely. 

Note.-—A lthough tribromophenol bromide may Ixj a <-onstitueiit .»f the 
pre(.-ipitateobtained in the alnive process, thus; 

-h 4Br3 - CJIaBr.Olir + 4HBr, 

this is of no consequence, as tliis Ijody is converted into tlie comiKiund 
containing 11 atoms of bromine when potassium iodide is added to the 
acid solution: 

CeHjBraOBr -s 2KI + 2HC1 - CaHaBr.OH + 2KC1 + 2HBr + I,, 
a, 1876, H, 233. 

^ Tills has beea attributed to Allen, whereas, as a matter of fact, it was given in 
Koppeschaar'.s original paper. See 1877, 1, 117. 
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Th« method of proeeduro is b(«t shown by an example. 

Examplk.— 5 gm. carbolic powder are put, into a 250 c.c. flask, HCl added, and 
made up to the mark with water. The flask Is shaken and the contents filtered. 
60 c.c, of the filtrate (=1 gm. of sample) are measured into a stoppered bottle 
and 100 c.c. of the bromide and bromate solution added, together with a little 
more HCl, and, after being well shaken, allowed to stand for 1.5 minutes. KT 
solution is then added, the bottle again shaken, and the iodine sot free titrated 
with N/jo thiosulphate. Suppose that 13*8 c.c. of the latter are required, and that 
titration with iodine showed that 1 c.c. of it — 0*0121 gm. iodine; also that 10 c.c. 
of the bromide and bromate solution and KI required 10*5 c.c. thio.sulphate. 
Then 100 c c. of the bromide and bromate solution = 105 c.c. *^/io thiosulphate of 
which 10.5 - 18*8 = Hl*2 c.c. represent the bromine absorliod, winch lias been 
determined in terms of iodine. 

Hence 81-2 x *0121 x -128.5 = *1211 gm. phenol or 12*14 per cent. 

W. H. Cole man’ says of Koppesc liaar’s inetliod : ‘•This 
jirocoss is uecuralt* vvlieiievin- solniions of jiure carbolic acid, or mixtures 
from whii'h the pure acid can lie separated, an^ to Ik- tested, but it .fails in 
all <‘Hses (o.g. crude carbolie acid) wdien otlier phenols, partieuJarly (*resoIs, 
are also jireseiit ”. 

Tlii^ following modifieation of the aliovi'. jirocess is included in (he 
Ilnifeil Stahls rharma(.*,op(eia . - 

1*55(> gm. of the sample is dissolved in water and made nj) to 1000 c.c. 
.Vfler \V(‘l) mixing,‘25 e.c. (=()*0380 gm. of })heiiol) are pi)M>tted into a 
200 e.e. stO)>iH‘i'ed iKittle and 80 c.e. of the hromine solution added; 
then 5 e.e, of HCl are ailded, fol!owe<l immediately by 5 e.e. of ^totassium 
iodule solution (20 )H‘r cent.). The mixture is shaken, tlie stopper and 
nock of the liottle rinsed with a little water, allowing the washings to run 
into the hoitle, 1 c.e. of eiiloroform jwkled, and the mixture well shaken. 
The lilKuated iodine is titrated with sodium thiosnlp}mt<‘, of whieh 
the nnmher of e.e. nsi^d (whieh should not evened 0) snhtra.cted from oO 
and the rmnainder multiplied hy 4 gives the iiercentagi* of ahsohib^ jihenol 
present in the sample. 

Noth. The reason for adding I e.e. of chloroform in the aho\c process 
is jLs follows: It often ha|)pens that the liipiid, after being decolorized by 
thiosnljiliate, aeijuin's a bine eolonr on staiuiing. This is said to Ih^ caused 
by britmine (or iodine?) iH'iiig retairu'd by the oily tnhromophenoi, and 
only slowly (lissolving in the snjiernatant fluid. Hy the midition of ii, liitle 
eiiloroform towards the end of the reaction, the iirecipitaletl trihromo- 
phenul is dlssolvi^d ainl the final imint of the titration can more rea‘lily 
observed. 

M e s s i n g a v an<l V o r t m a n n ^ (le.seribo a method of detm’mining 
phenol bfisiHl on tint fact tliat iodine c'mibines with phenol in alkaline 
solution in tlie projiortion of 6 atoms I to 1 mol, phenol. 

Mktiioi) of PRocEDiruK :.2 to 3 gm. phenol are dissolved in caustic 
R(xla solution (3 eq. XallO to 1 oq. plienol) and made up to 500 c.e. witli 
water; 10 I'.c. of this are placed in a flask, warmi'd to 00" C., and H/io 
iodine added until the solutionis faintly yellow, with formation ofai*ed 

> 'I'lioriHi’s Dictiitnarif of Applinl Chemistry, Vol. 1., p. 651). 
iknchlf, 1890, 2753, and S. C. /. 1890, 9, 1070. 
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precipitate. When ciohi, tlie solution is acidified with diluto 112804 , made 
up to 500 c.e. and filtered. In 100 c.c. of the filtrah^, the exe<^ss of I is 
titrated with N /10 ihiosulphate; this amount, deducted from the total I 
used, fjives the amount absorbed by phenol, which, when multiplied by 
012H5, gives amount of phenol in the sample. 

This method has been carefully studi(Kl by d. M. Wilkie* who has 
workc<l out the following inijn’oved procedure: To the dilute jdienol 
solution equal volumes of N /10 iodine and sodium carbonate solutions are 
ad(ied. After .5 mihnt('s, excess of sulphuric iicid is added and the 
residual iodine titrate<l with N/w sodium thiosulidiato and starch. Should 
too little iodine have hemi added, this is indicated l)y ifronounced fading 
of the brown colour due to the io<line, and in extreme eases hy pi’ccipita- 
tion of tri-iodo})lienol. In sncli eases more iodine and sodiiun carbonate 
solutions Hn‘to be ad<ie<l, ami after 5 minutes’ Htandmg the <letennina- 
tion is conjpleled as above, (lenerally the ainoimt of iodiuc! ad(le<l should 
he about double that ivijuired for the remditm. StopjK'red bottles should 
be used,and the whole operation carrie<l out in the eold. 

SALICYLIC ACID. 

(Ortho-liytlroxybenzoic acid.) 

C«H4(0H)C()0H - 138-048. 

Sevekai. metliO{ls have heim proposed for the determination of this 
substane<^ as existing in the form of salts or in a tm-s stat<‘, and a critical 
examination of the most ho]>efnl of tliese has been carefully made by 
W. F r c s e n i u s and L. (t r u n li u The experiments weie made on 
pure sodium salicylate. The method pv()|M:)S(Hl hy Messinger and 
Vortmaun in whieh it is said l)y the authors that 1 mol. of salicylic 
acid consumes 0 atoms of iodine was not continued in these expcu’iments, 
and tiiey came to the <'.oncfnsion that the method could not be rcli<‘d on 
to give even ajtproximately correct r(‘sults. On th(i other liand their ex- 
]x;rience of Kreyer’s-' bromine method was that it gave satisfactoiy 
results. 

K r <1 y 0 r ’ s method basc(l on the faid, proved by A. H. A 11 e n and 
other ohservei-s, tliat salic.yli(! acid in aqueous solution ultiinab'ly rea<;ts 
with 6 atoms of bromine (3Bi\) to form a trihrominated sali<'yli<'acid.-* 

Hence 138-(148 gin. salicylic acid con-esjiond to 470-52 gni. bromine. 

Solutions Required.- (c.) Solution of sodium bromide and bnunate 
(SNaBr + NaBrO.), made by <iisKolving 10-5 gm. (.= 0-5 c.c.) of liroiuine 
in about 100 c.c. of water containing 10 gm. of sodium hydroxide. The 
liquid thus otitaineil is boiled well and then <lilute<l to 2 litres. The 
solution keeps indefinitely. 

0-138 gm. of salicylic acid corresponds to 0*480 gm. of free bromine, or 
as much a-s w’ill tie liborati^d by aci<l from about 50 c.c. of the solution. 


*./. .S. a. I.. 1911, 30. 398. 

a. C’., 1899 38, 292, also Awlyst, 1900, 28, 19. 

ZeU., 1896, 20, 820. 

<For a discussion as to the composition ot this compound, which is uncertain, see 
E). Werner, Bull. Si>c, Ch im., 1836 pi], 46, 275. 
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(6) *4o sodium thiosulphate (24*822 gm. of the crystals per litre).* 
1 c.c. = 0*008 gm. l>i*omine. 

Mktiiod of I’kocEDUUK: First make a solution of the samphi in water 
(preferably with tlio aid of a little NaOH), and for ea«'h d(*tornnnalion 
inojisum out a volunu! corres))onding to aljout 0*1 gm. of salieylie acid and 
dilute vvilh wat<u‘ to Hl)Oiit 100 c.c. Next, pi[H‘tte a known volume, 
usually 50 or 00 c.c., of the bromide and bronmte Boliition (a) into a 
stopp<*red bottle, a(l<1 5 (^.c. of strong HOI, then the 100 c.c. of'the solution 
of the Sample as abovj^. 

It is essentia! that a volume of the l>romide and brurnate solution 
should b<“. used suflicient to give about 75 jxu* <M;nt. of bromine in excess 
of tluit entering into the riwtion. The bottle is stopjx*red, well shaken, 
and allnwed to retuain in tlie dark for at least 1 hour to ensure the; com- 
pl(‘tion of tlx' ?‘ea.etion. Another bottk^ containing an e<|uai quantity of 
the bromine solution is similarly dilute<l and jw-idified, and left to stand 
side ItVi'ide with th(‘ sample. Potassium iodide solution (10 {x*r cent.) 
is tinm added to the c(»ntents of bi>tli Ixdtles, and the liberated iodine 
titrat<‘d vvilh tliiosulphalc. Starcli liquor may be add(*d towaVds the 
end of tlx* prm*ess, but it is imfiortant ixit to do so until the liquor is 
jx^ai’ly decolorized. 

Tlx‘ percentage of sa.licylic .'U'id thus found in the same sample of pure 
sodium salicylate varied in four determinations from 86-21 to 86*48 i>er 
cent. The tIuMWciical amount is 86*28 p(*r cent. 

The above pnx-ess is s|X'icially valuable in presenci' of benzoic acid, 
which is not iwted on hy bromine in aqueous solution. Tlx* privipitate 
may be filtered off, arxl the benzoic acid isolated from tlie filtrati*. 

'i'his method is not applicable^ to the analysis of mixtures of starch 
and sodium salicylate such as occur in medicinal tabloids. In such cases 
the substance should bo dissolved in 00 per emit, alcohol, the solution 
brought to a di'liniti; volume, filteri'd from the iindissoiv(‘d starcli, and an 
ali(|uot part of the filtrate used for the analysis. In a mixture of fK)*0l 
jier cent, of sodium salicylate and 0*09 jaw cent, of starch, tlx^ authors 
foiirxl in this way 80*97 per cunt, of the former. 

In tlx* analysis of wines which contain sulphurous aci<f, aldi'liyde, and 
other snhsta,ix‘('s which <x*t upon bromine, tlx^ lM*sf, method of detm'minlng 
salicylic acid, when prcs(>nt, is to make tlx; liquiil alkaline, concentrate 
it, render it acid, aixl extract it with a niixtun* of etlx'r and petroleum 
spirit, 'llx* extr;x*t thus ohtairxxt is shaken with alkaline w'ater, whicli 
removi's tlx^ salicylic acid, aixl lids aqueous solution can then he us(*d in 
the bromine nxdlxxl. 

Determination of Salicylic Acid In Beer. The Idllowing process de¬ 
vised by F. Harry and VV. R. Mummery' gives satisfactory 
results: 100 c.c. of the lieer are placed in a flask mark(‘(l at 200 c.c., made 
alkaline with 5 <*.<•. nnighly N/j NaOH, aixl all the alcohol driven off; this 
shouM he done at a temperature just Ix'low the boiling-point, as vigorous 
txiiling iippears to cause loss even wlxm tlie solution is alkaline. After 
cooling, 5 c.c. of rouglily H/i HCl are added, and tlien at least 20 c.e. of a 
saturated solution of basic lead ai.'ctate; the whole is tlien made alkaline 


1905j 30,12'l, 
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' with about 20 c.f. of »/i NaOH, and made up to tiie mark. At this stage 
the whole maybe raised to lioilitigand allowed to cool before filtering, 
but this may be omitted if thought advisable. 100 c.o. of the tiltrate are 
ac'idified with hydrochloric acid, the lead chloride precipitate is filtered 
off, and the filtrate extracteil with etlier three times. The ether is 
distilled off^ and the salicwlic acid dissolved in a small (piantity of dilute 
alcohol and made up to 100 c.c. The salicylic acid is determined eolori- 
mctrically, after addition of a drop or two of dilute (neutral) ferric 
chloride solution, using ordinary Ncisslcr gUrsses. For a standard, dissolves 
O'Ol gm. of ])iire salicylic jicid in water in a 100 c.c. measuring flask and 
make up to th(‘, mark, then pipedte 10 c.e. of tin! well-mixed solution into 
about 70 c.c. of water in a Nessler glass, ad<l ferri<'. chloride, make up to 
100 c.c. and mix well. This staiulard is of convenieiil. colour for com- 
y)arison an<l contains ()-lX)l gm. of salicylic a<‘id. 

H’l/a-.s- are treat(‘d in the same? way as bianx taking 00 c (•. of tlu'; sanijilo, 
making up to 100 c.c., and filtering olT 50 c,(*. As witii l>ecr, it was 
necessary to add a large <*X('ess of lead acetate, ainl to hav4‘ llie whole* 
fairly alkaline, in ord<a- to exclude all tannin bodies from Ihe filtrate. For 
fmihy fniit pnlps or jama procei'd as follows: 50 gm. of tlie 
crushed sample are placed in an ordinary llask wliich has been inarke<l 
at 300 c.c.; a small <iuantity of water is added, then 15 to 20 of 
saturated ba^-ic lead aeetaie solution, and tlie whole made alkaline by 
the addition of about 25 c.c. of roughly N/j NaOlI. Then 15 to 20 c.e. of 
roughly N/^ HCl are added, the eoiitents of the flask made up to the 
300 c.c. mark, welt shaken, and filtered cold through Khenisli j)aper, 2(K) 
c.c. of the filtrate being collected. The filtrate is acidified with HCl, 
refiliered if necessary, and extracted three times with <‘tlier, (dc., as 
above, the salicyli<' acid lieing dissolved in a small (piantity of dilute 
al(3oh(>l, ferric chloride added, and the liiptid n)ad<5 nj> to 100 c.(*. with 
walin*. 

The amount of salicylic acid found multiplied by Ihrce giv»‘s p(‘m*ntag<^. 

Notk. The lead acidate used is a saturated solution made in th<; 
usual way by boiling with litliarge. The (neutral) ferric chloride is made 
by dissolving washed ferric hydroxide in a (piantity of hydrochloric acid 
insufficient to bring the whole into soUition. A few drops of the suj)(*r- 
naiant sf>1ution are withdrawn by a drop|)irig tul)e when r<*(piir(*d. 

The Di'partmental Committee in tfu'ir Rej)ort on lTcs(n’vativ(‘s and 
Colouring Matters in Food (1001) recommend that salicylic acid be not 
used in a greater projiortion than I grain per pint in litpiid food and 
1 grain jH3r pound in solid toi and that its pn^sonce in all cases be de¬ 
clared. 

Methyl Salicylate.— CfiH4(OH). COO(CH.,).“-E. Kremers and 
M. M. J a m e H 2 have slightly modified the method proposed by E w i n g 
and Ixiil a weighed quantity of the substance with a known volume of 
normal alkali for 5 minutes. The excess of^^'lkali is then titrabal with 
normal acid, and the alkali consumed, multiplied by 0'152, represents the 
weight in grams of methyl salicylate.. 

> Or albwed U> evajwrate .spontaneonaly at room temperiiture, 

‘iChm, Centr^im, 1070, 
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The method proposed by Messinger and Vortraann is also 
recommended. 5 grn. of the sample are saponified witli exctess of alkali, 
and when cold diluted to 600 c.c.; 10 c.c. of this are heated, 60 c.e. of 
iodine solution added, and the litiuid diluted to 600 ; in 100 c.e. of this, 

th(i excess of iodine is determined by means of n/,q sodium thiosulphate. 
1 c.c. of iodine! solution absorbed, when multiplied by 0*002r>;i6, n'prosents 
the amouni of methylie salicylate, as I mol. of the ethereal salt absorbs fi 
atoms of io<iino. 

.Sodium di'iodosalieylic iodide is formed thus - 

C«H,{()H). COONa + IlNaOH + = 

CfllI,l2(OI)C()ONa + 3NaT 3H,0. 

SUGARS AND STARCH. 

SiKiARS and starch belong to the large class of organic bodies known as 
carboliydrab's, which are divided into tin* following principal groups ; 

1. Monosaccliaridcs. Tlii'se have the empirical coin|H)sition 
tlic most important IxMiig those conlaining 6 or ti atoms of carhori! 

(a) I'entnses. e.g. arabiriosc, xylost*. 

(h) Hcxoses, inchniing 

(i) I>(!\trose, dextro-glucose. ^/-glucose, grape-sugar, starch-sugar 

{(tryst., HyO), which is found in the juice of most fruits, almost 

always accfmipaiiied by laevnloso (the two hoxosos being probably derived 
from suenisc), in homw. and in diabedae urine. It is formed on hydro^ 
lysing most of the known polysaccharides either with acids or enzymes. 

(ii) Laiwnlose or d-friictose, found together vvitli an equal amount of 
dcxtros(! ill lioney and in many fruits. Inuliu is conqiletoly converted 
into fruclos(‘ on hydrolysis. (It is term(!d (f-fnictosc, in spif(! of the laevo- 
rotation, to indicate that it belongs to tlie d-mannitol scries.) 

(iii) d-Uala.ctos(‘, wiiicli is produced, together with an (!(jual proportion 
(»f d(‘xtrosc, vvlion lactos(‘ is livalroivsiMl bv means of acids or <mzvmes. 

.Ml il K* above reduce K(! h ling’s solution, 

2. Disaccharides, tVdl’jUih including 

(t) Sucrose or canosugar, which is found in tlu! sugar-cnric', b(>ctroot, 
and mapl(‘. 

(ii) Lacios(‘ or milk-sugar (crysl., (VjHsaOi,. H^O). which is found in 
the milk of all mammals. 

(iii) Maltose (cryst., Ci-jIIagO,,, IloO), which, together with dextrins, 
is produced by tlii! action of diastase (usually malt *!.\tract) on starch 
liasti'. 

bactos(‘ and maltose reduci! F e h I i n g’s solution, but to a less degree 
than the lioxoses. Sucrose does so only after hydrolysis. 

All the members of tins group are hydrolysed Iw heating witli dilute 
mineral acids or by the action of enzymes, sucli as diastase (in malt), 
invertase (in yeast), and ptyalin (in the saliva). Sucrose in this way be¬ 
comes converted into a mixture of dextrose and lacvulose in equal 
numbers of moleeules, the process biding known as “inversion” and the 
product “invert sugar,” as the dextro-rotatory cane-sugar solution be¬ 
comes tin* laevo-rotatory mixture. By hydrolysis Ia(.*tose is converted 
into dextrose and galactose; maltose into dextrose alone. 
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^ 3. P()ly8acc*hari(les (C«H,oO.,)7j, including 

(i) (^dlulosc, wiiich forms the fundamental material of the structure 
of plants, and of which cotton, woo<l, <‘tc., mainly consist. 

(ii) Htai'ch or nmylum, which is present in the grains of ccu'cals, in 
potatoes, etc. 

(iii) Glycogen, rh(‘ rcserv<‘ carhohy(lra.te of the jinimal organism, in 
which it appears to take ttu* jdace of starch, [t is present in the liver up 
to 10 ])er cent, iind in muscle. 

(iv) Di'xtrins, which are ])ro(luc(‘d (a) ]>y heating dry starch to 212^ to 
275'^; (/)) together with dextrose hy lK'>iling stan*h with dilute sulphuric 
acid ; {c) together with maltose hy tlie. action of diastax' on g(‘hd.inizj'(i 
starch. The various forms of dexlrin are distinguished hy their he- 
havionr \\ith iodine, erythrodexirin giving with this reagent a reddish- 
hrown e«)loni*, aehrood(‘\trin no colour at all. 

None of the aheve reduce* Fe h I i n g’s solution. 

Ity the action of dilute sulfduirie acid stan*h, glvcog<‘n. di'Xlrins, and 
cellulose are ultimately hy<irolysed to dextrose. 

DextroM\ fructose, and*inv(‘rt sugar are fennentahh* l»y all yeasts. 
Cane sugar, maltose, lactose, melihiose, and raffinosc are fermentatile 
only after inv(*rsiou hy dilute acids or hy an a[ipropriat(‘ en/yme. 

Inversion of Cane-sugar.— If jniro and dry cane-sugar is used, the 
following process yields a solution of invert sugar containing exactly 
1 gm. in 100 c.e. 0T> gm. of the cane-sugar are dissolved in 700 c.<-. of hot 
water, 20 c.c. of N/j hydrochloric aci<l addi'd, the mixture heated for 
.30 minutes at lOO^ in a wat(*r-l>ath, 20 e.c. of H/j soda solution added, and 
the cooled solution diluted to 1 litre. In the determination of suenwe 
in a mixtnni of .sugars (e.g. <‘OmmereiHl invert sugar) the following method 
is adopted. A 10 per cent, solution of tl»e, sample is made and 10 (-.c. of 
this transferred to a flask, with the addition of 100 c.c. of water and 
20e.e. of N/j tiydrochloric acid. 'I'lic nnxture is raisc(l to the l>oiling-point 
and maintained at that temjxu'ature for om* minute. U is then coole<l, 
neutraliz(‘(l hy the addition of 20 c.c. of N/j sodium hydroxidii, and made 
up to 10(K) <‘.c. Tin* solution is then ready for titration with 10 c.c. of 
Fc h 1 i ti g’s solution. (A. It. h i n g.) 

Whore fK»!arimctric ohs(>rvatinns arc to Ik* inadf*. IF e r z f c I <1 ’ s 
modification of the (Mergt't method is us(mI, tin* d(*tails being as 
follows 

Tin* half-normal weiglit (i.(*. 13 gm.) ('f sm-rose is <iissoIv(al in 75 c.c. 
of water in a lOIX’(t. measuring Mask, 5 c.e. <»f hydriK'liloric acid f38 per 
Cfiut.) addi'd, a tln'rinometer ins<‘rted in tlie tiask, atid tln^ tatter ]>laeed 
in a water-bath at 70" C. 'I'lie flask is shaken eontinuously, and in this 
way the tcm[M*rature is raiseil to 07" to 70" C. in about 2i minutes, after 
attaining which it is k(*pt constant for an additional 5 minutes, wlien it 
is rapidly cooled a.ml polariz<‘d. A. R. Ti i n g states that hy this method 
sueroK(‘ may Ik* <let(*rmim'tl with a fair degiVK^ of aeeurncy in pr<‘s(*nee of 
dextrins, malto-dcxtrins, maltose, lactose, or glu<-ose, or of mixtures of 
thes(‘. 

Preparation of Sugar Solutions for Titration by Fe hi lag’s 
Method. —The following reagents are used for tlie clarification of dark 
coloured or turbid sugar solutions 
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Basic Lead Acetate.-— 150 gni. of load acotate In fino crystals is iniKed * 
in an evaporating; basin with 45 gm. of litharges and 26 c.c. of vvat(M'. 
This |)nst,o is allowoii to nnnain at the room temporatnro for 2 to liours 
with frequent stirring. At the end of tliis tinu^ the lead acetate and 
most of the litharge will liave gon<‘ into solution. The basin and con¬ 
tents are, hovvev(‘r, warnnul on a j>i(H'e of wij-e. gauz(^ or a. sand-l)ath. The 
cream, which is now ijuite limpid and colourless, is pounal into 500 c.c. 
of water and allowed to stand until the small amount of imdissolved 
residue* s(dih's out. Tin' solution (sp. gr. about 1'2) should tiltered.’ 

Th(‘ amount of ttie al)Ov<; to lar used for j)olarimetric ol)servationK 
varies with the kind of sugar. The purest ceiitrifugal sugars rei|uir<‘ 
only from ()-5to2c.<‘.; darkiM’ products re<[ujre u)) to lO whilst nndasses 
reqiiin' much more, ft should l»e iK>te<t that laevnlos(‘ is partially pre- 
clpitateil (and also d(‘\trns<‘, lait to a iess<‘r exhud) by Imsic lead ac<‘faf<‘. 

Alumina Cream. Tour a cold 2 to per cent, solution of alum into 
dilute ammonia (sj). gr. O-hS); the converse method of [)recipitation yi<‘l<ls 
an unsatisfactory granular product. Tln( li^piid an<l preetpitab* are trans¬ 
ferred (o a half-gallon l>ottle and the almninnallowed (o suhsuh* It is 
ilu'ti washed in the, lx)tM(‘ by d(M-anlatif)n twicer a daynnlil the super¬ 
natant liijnid giv(\s no reaction with barium eldoride. This usually takes 
about a we<‘k. 

The volume of tin' aliovi* to Ik* usc<1 for the normal solution (in 
sacelifirinietry) is about 5 I’.c. 

Li ng statics tliat “J’nritied animal charcoal lias bci'ii used for de¬ 
colorizing sugar solutions, hut the error introduc'd by the adsorption of 
sucrose is considerabh'”, 

Alfliongh traces of load are of little eonsequ<*nce in sugar solution 
prejiared for jiolarimetric oliservations, it is of great inqiortance to re¬ 
move all lead when using the volumetric metliod. For this purjwsc 
anhydrous sixlium <•,nrf)onate or sodium sulphate is frctpienfly used. 

According to K. F. A r m s t r o n g'-^ rhe following mi'tliod of clari¬ 
fication is very I'llicii'nt evi'ii under (‘xtreniely unfavourabh' conditions. 
The normal (piantity of sugar is dissolved in about 5b c.c. of wab'r in a 
flask liolding l(K)c.<'. Accoriling to the (pialityof the sample the solu¬ 
tion will [»e (I) colourli^ss but cloudy, (2) yellow, (li) brown, or (4) almost 
black, fn tlic first case, add about It c.c. of ahiniina cream and one drop 
of basic lead acetate solution, fn tlie second case*, the same volume of 
alumina c'eam may tie used, liut tlie h'ad solution inereased to 3 or 5 
drops, fn tin* (bird or fourth case, add alMiut 2 c.c. of a lb jii'r cent, 
solution of sodimn sulphate, and then the lead solution gradually, with 
constant sliaking, till no further jirecipitate is produced. Whichever 
moiio of claritieatiori is adojited, the liipiid is well agitated and allowed 
to stand at rest for a few minutes, to (Uisiire the complete s(*paration of 
any precipiratc. Tlie flask is then filled nearly to the mark with water 
an<l the froth allowed to ris^i to tin* surface, when it is destroyed l»y the 
cautious aildition of a few drops of spirit or a single ilrop of etlier. Water 
is then added i^xaetly to the mark, tlie contents of the flask thoroughly 
mixed by agitation, and the liquid filtered through a dry filt(*r. 

‘A, R. Ling in Thorpu'-s of A pplied t v., ‘iltS, 

^ (Joninwrcial Qiujoiiic vol. i. (19D9). . 
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* Tel lot has shown that the errors introduced by clarifying sugar 
solutions, with basic, load ac(datc, viz., concentration owing to th(^ volume 
occiipi(‘d by the precipitate, and diminution owing to sugar me<'hanical!y 
retained l)y tlm precipitate, eom[Kmsate each oIIku* and there is no 
nc(!essity to make any corr«‘ction. 

Horne projxised the use, of anhydrous basic lead acetate, which has 
been found to give excellent results. 

I. The Determination of Reducing Sugars by Feh ling’s Method. 

Preparation of Fehling’s Solution. Solution No. i. —Dissolve 
69-28 gm. of ])urc rccrystallizcd (-upper snl])hat(‘ in water and make up to 
J litre. 

Solution No. 2. 1146 gm. of erystalliz(?d RcKilielh' sail ar(‘ dissolved 

in hot water in one lH*aker. 142 gm. of sodium hydroxide ar(‘ <lissolv<‘d in 
water in another beaker, the two solutions arc; tln-n |)oiiiTd into a litre 
flask, c-ooled, and made up to tln‘ mark. 

R(|ml volumes of tliese solutions an^ aecurately nnsasun-d out im¬ 
mediately ladVire use and mi\(Ml, tlio mixtnni eonstitui ing K e li ! i n g ’ s 
solution. 

'Phe method of procedure now to l)e described is tliat rec-omnnmdcd 
by Ling and Rend lei and l)y Ling and .Tone's,'^ l>y wlueli re¬ 
sults are obtained e((ual in ac-euraey lo the gravimotrie method of 
B ro vv n, M 0 r r i s, and M i 11 a r.^ The av(‘rag(‘ (*rror is 1 in 8(K). The 
priiieipal points itt tii(3 method are that tln^ titration is jx-rformed in a 
boiliiig flask on 10 e.e. of 'undihitv.d Keh ling’s solution, and that 
ferrous thiocyanate is us(‘d as indicator. 

The indieator is pre})ared hy dissolving 1 gm. of ferrous ammonium 
sulphate iu JO e.(.*. of cold water, adding l-r> gm. of ammouiuni thiocy¬ 
anate, and, when this has dissolved, 2*5 e.e. of eoiieentrat('(l hydrochlorie 
;tcid. The solution so obtaimal has invariahly a r<xl colour, due to ilie 
pres(m(<‘ of ferric salt wliich is n'adily i‘ednc(‘d by addition of a trace 
of zinc dust. The indicator wlam kept for some lioiirs devel(»ps the 
red eoloralion hy atinosph(‘ric oxidation and must again Ix^ rodiKXMl. Jn 
praetie<? it is hmnd lhat the freshly prepared indieator is hx^ sensitivcv 
and that it is most useful afbn* it lias Ixmui reduced twice with zme dust. 
Tiie method of titration is as f(»llovvs . Freshly mixed Ft-li ling’s solu¬ 
tion (10 e.e.) is aeeiii-ately nn^asured into a 200 e.(?. boiling flask and raised 
to boiling. The sugar solution, which should Ix^ adjusted to such a 
strength that 20 to 80 (-.e. of it are required to r(*.dnee 10 (.e. of 
Fehling’s solution, is then run into tlie Ixuling liquid in small 
amounts, commencing witii 5 e.e. After each addition of sugar solution, 
the mixture is Jioiled, the liiiuid being k<q)t rotated. About a dozen ilrops 
of the indieator are plae(xl on a porcelain or ojial glass slab, and when it 
is judged lhat the jmx-ipitation of cuprous oxide is completi*, a drop of 
the liquid is withdrawn by a ehnm glass rod or by a (tapillary tube, and 
brought ill contaitt with a drop of the indicator on the slab. The test 
must be carried out raphily. It is also (tssential to p(;rform the titration 

I Amli/d, 1905, 30,182 ; 190S. 33,167. /hid, 1908, 33, 160. 

V. CVc;w. Tmns., 1897, 71, 112. 
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as rapidly as |)0SKiblc, as an atmosplierc of steam is then kept in the neck ** 
of the flask, and the influence of aimospluido oxygen avoided. At the 
final point, tlie is l)oile(l for about 10 seconds. Du[ilicate titrations 
should agree to 0*1 e.c. The only defect of tliis indicator is that it can¬ 
not i)e used witli i)ro(iu(;ts containing ferric iron. The titration (‘an be 
carried out l)y artificial light. 

To standardize Fehling’s solution, Ling and liendle (Iw. 
cit.) dissolve pure sucrose (0'95 gni.) in wabu' (150 c.e.), an<l boil for one 
minute with N/2 hy^lmehlorie a(*id (30 <‘.e.). After cooling tlie solution is 
muiti‘a.liz<Ml with N/j sodium hydroxide (30 c.e.) nml made n]t to 500 c.e. 
This solution contains 0-2 gm. of invert sugar per 100 c.e.. aid about 
25'0 <*.c. should he re(|uired for 10 e.<'. of F e li 11 n g ’ s solution, lad, of 
course, the exact value of tin; latt(*r is always determined. It ih limn 
titrated as ahovii against 10 c.e. of F e h 1 i n g's solution. 'I’he ?-elative 
aniounis of anhydrous invert sugar, dextrose, and maltose recpiired to 
reduce! a lixial volume- of F e h I i n g’s sidutiou are 1(M>; Ofi ; 101; hut 
in the ease of the first two sugars the ralio varies somewliat with con- 
eeidralion. Ling and Jones' give a table to eorn'ct for this. It 
may bmxapiinal in the analysis of <*oniiiiereial invert sugar wlnm the 
percentage of dextrose and of lacvulose aix* separately r(‘)MM ted. 

TJi(‘ table on p. 414 hy Ling and Jones will Ih; found a great 
tim(‘-saver in obtaining ix'sults by tliis metliod. 

P a V y ’ s Modified F e h I i n g Process. 

) 

In the (*arly days of the use of F idi I i u g ’ s solution the <‘iid point 
in tJi(5 titration was deteniiined by tin; disappearaiiei^ of the hhi<‘ colour 
—a (lillieult matter to observe wiien a dark coloured physiological liipiid 
was being exninine«l. To obviate this and other dilfienitii's F. W, Pa v y 
(l879)prop(>sed to employ a eoppi'r solution containing suffieient ammonia 
to keeji the ix'ducid cuprous oxi<le in solution. method has been 

applied speidally for the d(‘t(*rniinal ion of d(*\trose in urine. Afany 
physiological liquids, however, arc so dark coloured as to render im- 
jxissible any accurate detenuination by this metliod. 

P a V y ’s solution is ]>repared as follows • — 

Solution A. 34*05 gm. of rirrystailized cop[)(‘r sulphate are dis.solveil 
in water and made u]) to .5<K) e.e. 

Solution B. 170 gm. of Hoehelle salt and 170 gm. of potassium 
liydroxid<“ are dissolved in water in separate heak<'rs and the suliitioiis 
IKiurcd into a 500 <*.e. measuring fiask. This is then cooled and made up 
to tile mark witli water. 

1)0 e.e. of each of the above solutions are measiiriMl into a litre flask, 
300 c.c. of 0*880 ammonia is added and the liquid made up to the mark 
with water. This is Pavy’s solution, and 20 e.e. are reduced by 
0*01 gm. of glucose. If other sugars arc to be deierniined, the titre of 
the solution must bo estal>li?^hed for each of these. 

Method of Procedure: Around-bottomed flask of 150 (*.<•. capacity 
is provided with a doubly bored rubber stopper. Tiiroiigh one opening 
in the stopper the delivery end of the burette passes and througli the 

' (Loc. dt., 105.) 
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Ling and Joneses Table for use with Pehl lng*s Solution.^ 
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Kxaiiiplos showing the iiso of tlie above table 

(i) Suppose that 2-'j'0 e.<5. of a solution of pim^ laevulose are n-quirod to reduce 
10 c.c. of F e h I i n g ’ s solution. 

The figure in tlie column under L and opposite 20, viz. 0‘21fl8, gives (he per¬ 
centage of laevulose in the solution. 

(ii) Suppose tliat for 10 c.c. of F e h 1 i n g ’ s solution 3‘2'7 c.c. of a solution of 
pure dextrose are required. Then the percentage of dextrose in the solution will be 

0*1577 - {*1577 - -1532) x *7 = 0*1577 - 0*0032 = 0*1544. 

(iii) The numbers given in columns 1)', L', T', and M' are used when separate 
determinations of two reducing sugars in a mixture, e.g. commercial invert-sugar, 
are required. Tn these cases polarimetrie observations arc necessary, in addition to 
the determination of cupric-reducing power. A fully worked-ont example of the 
calculation of percentages of dextrose and laovulose respectively from data so 
obtained is given in the Analynt, 1908, 33> 160 et aeq. 

1 Given ill the Analyd, 1908, 38,165. The table was constructed on the basis of a 
preparation of Feliliug's solution, of which 10 c.c. required 25 65 c.c. of a 0*2 per 
cent, solution of invert sugar. 
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otlier a tube bent twic^o at rif^ht aiij(l(*s, the latter beiii|^ ititeiul<Ml 
for tlie oseape of the ste^m atul to prevc'iit the aco(*ss of air. 4()c.(*. of 
Phvv’w solution'are measured into llni flask, and, after insertinjj the 
stopper, the solution is slowly raised to boiling'. The liejuid under ex- 
aniina.1ion is tlien run ui from the burette a.t the rate of 00 to 1(M> drops 
per minute until the bine (‘olonr is nearly tljscharf;<Ml. The addition is 
then eontinued <(rop by drop until the last trace of blue has disappeaixMl, 

1 his bein«( most readily ohsto’ved when a slu'et of white paper or a plate 
of opal f^la^s is placed behind the flask. 

(jerrard’s Cyano>cupric Process. 

This [)roeess, as im|m)veil by (Jerrard' and .V. H. A I I «* n, has 
proved a valuable addition to the processes of titration basetl on the re- 
din'iii'' jxover (d‘ {^Ineose, ft has the advantaj^e ov(‘r I* a v y’s m(‘t)io{| in 
<‘ausinjf no evolution of ammonia,; moreover, the r(*du('ed wOution is 
reoxnlized so slowly that titration may with reasonal)li‘ e\p(‘dition even 
ln^ conducted in an opmi dish. The process ts l>ased en tlie hHlowinj; 
facts: When a solution of ])ota.ssium eyanidi^ is atided to a soliitifin of 
eopp<‘r sulpliate a <'olourN'ss stabh^ double cyanide of cupjM'r ainl pota.ssiiim 
is formed, thus 

t'uSOj + = thif’y,., ‘JKtV + KySOj. 

Tliis salt is not (h^composed by alkalis, hydrogen sulphide, or ammonium 
snlphidi'. If])otassuim evaniile be added to Fe li I i ft jf’s solution the 
latt<‘r is decolorized, tin* abov(^ double salt beinj; formed at the same 
time, ainl if the colourless solution he boil(‘d witli jjiucose no cuprous 
oxide is preeijiitated. If there be present excess of F (filing’s solu¬ 
tion over the amount <‘apable of being d«‘colorize(l by the {lotassium 
evani<le, tlie mixture is blue, and when it is boiled witli a n*dueing sugar 
tlie extra portion is reduced. Imt no cuprous uxid** is preci|)itated, the 
progress ot the n'duetion being marked l>y the gradual ami final dis¬ 
appearance of the colour of the solution, just as in I' a v y ’s process. 

I’lmrjiss OF 'I’h’KATion : 10 c.c. of freshly made Fell ling's solu¬ 
tion, (ir 5 e.c. of each t)f the eonsfituent sohUmms, an* ililuted with 40 e.e. 
of water in a |x>rcelain ilish and heated to ))oiling. An apjiroximately 
5 per cent, solution of potassium cyanide is added very <’autiously from a 
hiirette or pipette to the still boiling and well agitated blue liquid till the 
colour is just about to disapjiear. Excess of cyanide must be 4-arefuily 
avoided.'■» 

10 e.e. of Fell ling’s solution are now acruralely measured into 
the dish, and the sugar solution (of about ^ per i-eiit. strength glucose) 
run ir. slowly from a burette, witli constant stirring and ebullition, till 
the blue colour disappears. Only the second measure of Feh ling’s 
solution suffers riuiuetion. 'Phe volume of sugai’ solution rim in contains 
0'06 gni. of glucose. 

' y,-ur Huok Pharm., 1892, 400. 

- As tlie double cyauidc solution keeps for some time, a stock may be mode up, so that 
50 c.c. coutaiu 10 c.c. of Fc h 1 1 n g’s solution, aud that volume taken for each titration, 
instead of going through the process ot exact decoloimtion every time. 
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' Some technical applications of the Solutions to mixtures of various 
Sugars. 

It cannot he clainnHl for these <letermination8 that they are. al>Kolut(5ly 
exa<5t; but with <‘are and practice, accompanied witfi uniform conditions, 
they are probably capable of the iM'st possible, results whatever methods 
may be used. 

Cane-Sugar, Grape-Sugar, and Dextrin.’— Tlu‘ solution containing 
these three forms is first titrated with the usual Fehling s’oliition 
for grape sugar. A sdcond portion is l>oile<l with acetic acid (which only 
inverts cane-sugar) and titrated. Finally, a third portion is completely 
hydrolysed witli sulphuric acid and titrated. Thediflorencc! between the 
first and t'eeomi titrations gives the eanc-sugar, and that between the 
secontl and tliird the dextrin. 

Another method might be suggested as follows : h'irst determine th(^ 
gra])e-sugai’ by Fehling’s solution. Next, convert the sucrose into 
inv(U't-sugar l>y the action of invertaso—the other e(mstituents l)eing uu- 
attectiVi - and tieii'rmiiK' tJie grape- and invert-sugars tog(‘ther Iw a 
second titration with Fehling. Fitudly, tlie solution is heated for 
some hours with dilute sulidiuric acid, wliorel)y the cane-sugar is inverted 
and the dextrin hydrolysed to dextrose: the solution is then titrated 
for the third time. The ditferenee betweem tlie third and second titra¬ 
tions gives the dextrose-equivalent of the d(‘\trin present. (Or the 
dextrin may be determined gravinudrically by jwuring the a(|ueouK 
solution into a lafge excess of rectified s])irit in a weighed beaker. After 
standing till the precipitate is complefoly siddled the litpiid is poured off, 
and the dextrin weighed.) 

Milk-Sugar and Cane-Sugar. If the determination of milk-sugar is 
alon(* re(|uired, and by the usual Fehling solution, the casein and 
alhiimen must first be removed. Acidify the liqiiui witli a f<‘w drops of 
acetic a<'id, warm until coagulation is effected, and filter. Ik.'il the 
filtrate to coagulate the albumen. Filter again, and neutralize witli 
soda jirevious to treatment for sugar l>y tln^ eopjXM- test. Tlie number of 
c.e. of Fehling’s solution r(‘<|uired, mnltipli(‘<l by (HMMi780, will give 
the weiglit of milk-.sugar in grams. Direct (hderinination by J^avy- 
Fehling is preferable to this method. (Jane-sugar in presenci* of milk- 
sugar may i)e determined as follows: Dilute the milk to ten times its 
bulk, having ])reviously coagulated it with a little eitrii* acid, lilli.r, and 
make up to a definite voluim*, titrate a piirtion with P a v y - F e li 1 i ii g 
solution, aiul note the result. Then take l(X) c.c. of the filtrate, add 
2 gm. of citric acid, and boil for 10 minutes, cool, neutralize, make up to 
200e.c., and titrate with copper solution as befoiu The difference be¬ 
tween the reducing powers of the solutions before and after invex-sion is 
due to the cane-sugar, the milk-sugar not being affeeted by citric, acid. 

Stokes and Bodmer'’ have ex[x!j‘imented largely on this 
method, and with satisfactory results. The plan adopted by them is to 
use 40 c.c. of Pavy-Feliling liquid (= 0-02 gm. glucose), and to 
dilute the sugar solution (without previous coagulation), so that from 6 
to 12 c.c, are required for reduction. By using a screw-clamp on the 


Biard and Pellett, Z. a. C'., 24 , 275. 


Analyst^ 1885, 10, 62. 
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rubber Imrette tube, the su'gar solution is allowed to drop into the boiling* 
liquid at a moderate rate. If CUyO should be precipitated befoi'e the 
colour disappears, a fresh trial must be made, ad(iing' the bulk of the 
sugMf at once, then finishing bj' drops. If, on ilu^ other hand, the sugar 
has been rim in to excess, which owing to the rathci* slow n'action is 
easily done, fresh trial must he again made until tins proper point is 
reaclu'd; this giv<!s the milk-sugar. Moanwhiio a measur'd portion of 
the mix4‘d sugar solution is boiled with 2 percent, of citric acid for at least 
3() minutes.’ For exam])le, sui>))ose that 20 c.e. of milk had been diluted 
to 200 c.c., 50 e.c. of tlu^ latter siionl<l be boiled with 1 gm. of citric acid, 
Th(‘ li(|iiid is [him neutralised with ammonia, made up to double its 
original volume, and tilrati^l as Indori'. 

'Phese 0 |)<n‘atorH have dctiirniined tin* rtMliicing action of milk-, cane-, 
an<l grape-suga.r on the V a v y - K i‘ h I i u g litpiid, the result binng that 
I(K) lactosi; r(‘pr(S(‘nls nispectively 52 glucose or 40-4 sucrose. 

K. \V. R i c I) a r d s o n and A. ,) a f f c - slate that the et)pjH‘r imdhod . 
of determining mixtures of sugars m milk .are pian'lically valueh^ss, 
having obtained far mon' consist<mt ixfsults by polariiinM ri(“ metij'ids. 


STARCH. 

Tilii g<mcral proeediire followed in all nii'tlioils lor llie d(‘termination 
of stai'eli is as ft»llow> : - 

(i) The extraction id flie starch, either in a state of purify or aften* its 
<le<'oniposition into dextrin and maltose, or into (le'4rin, maltose, and 
(lexti’o.se ; (ii) the deterimnalion of the amounts of thes<'; starcli {iroducts. 

\ nud.liod Ireqmmtly employed consists in tln^ conversion of starch 
into dextrose by boiling wilii sulphuric or hy<li'ochlonc acid (2 per cent, 
or mon^) for sumo hours, either with or wifliout jiressnre, and determin¬ 
ing tln^ (h'xtrose proilnced by nuains of Fi'h ling’s solnti<m. This 
}H'ocess. evim when most carefully conducted, is incapable, of yitdding 
anything Iiki' a,c<-nrate results, tln^so invariably <-,omlng out too low; on 
th(‘ one hand, from incnmphde conversion to dextrose, and, on the 
other, through ovin- conversion, giving rise to condensation produets 
having (diher a miicli lower euiirie-redueihg powm' or none at all. 
Dextrosi' found ninltiplh'd by 0-0 gives starch. 

Fairly goo<l |•(isults are olilaiiu'd by boiling the standi with diluk' acid 
for J to 1 hour, or until a drop of tlio li<iui<l gives no hlue colour with 
iodiiu^ solutiim, and then determining the products of decomposition. 

For the <l«d(*rmination of standi in all the cereals, I’aw, as well as 
malted, O’Sullivan’s method, involving the use of diastase, is uii- 
doubt(‘(lly the most trustworthy. Full details of this v(U*y elaborate 
method will he found in tlie ./. 0. K., 45. 1- This has been considerably 
sinn)lilio<l by the A. 0. A. 0., whose moditii'd method is as follows 

Extract 3 gm. of the finely powdered suhstanee (ground in a cotfee- 
mill kt‘pl (di^’an for tho purpose) on a hardened filter with five snei^essive 
portions of 10 e.e. of ether (this removes fat, etc.), wash with 150 c.c. of 

*T1k( jiiithors speritiod 10 mimites, but Watts and Teiupauy {Aiiafj/si, 1905, 
30, 119), luivt- shown that 30 to 40 minutes’ boiling ia required. 

S. C'. 23 , 309. 

27 
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lO per cent, alcohol (to dissolve out the sugars, the proteins other than 
casein, etc.), and then with a little strong alcohol. Place the residue in 
a beaker witli 50 c.c. of water, immerse the beaker in a boiling water- 
bath, and stir the contents constantly for 15 minutes or until ail the 
starch is gelatiniz(}<l. Cool to 55®, add from 20 to 40 c.c. of malt extract, 
and maintain at this teuifKirature until a microscopic examination of the 
residue with iodine reveals no starch. (;^oo), make up directly to 250 c.c., 
and filter. PIac(^ 200 c.e. of the filtrate in a flask witli 20 c.c. of 25 per 
cent. HCl (sp.gr. 1*125), connect with a reflux condenser, and heat in a 
boiling water-bath for 2^ liours. Nearly neutralize whilst liot with 
sodium carbonate, cool, and make up to 500 c.c. Mix tlu^ solution well, 
pour tlirongh a dry filter, and determine the dextrose in an aIi(jnot 
portion. Convert the dextrose into starch by the factor 0-0. 

Prepare flic tnalt extract hy digesting 10 gm. of fresh, finely ground 
malt 2 or 3 liours at ordinary temperature witli 200 c.c. of water and 
filtering bright. Ascertain the amount of dextrose in a given quantity 
of the filtrate after boiling witli acid, ete., as in the starch detonnination, 
and make the pro[K'r 4'orr<‘(ttfon. 

TANNINS.' 

The determination of tannin in the matcriaLs used for tannin is by 
no means of ttie most satisfactory character. Many metliods have been 
proposed, and given up as imictieally useless. L o vv e n t h a I’s metho<1, 
with later variations, is accepted as the liest volumetric method ; but it 
is still deficient in accnrai-y and rcliabi'ity, altliougli much ingenuity and 
intelliginice have lieen expended on it. 

difficulty is still unsurrnouuted, and that is tin* preparation of a 
pure tannic acid to serve as statulard. Tlie various tannins in existence 
are still very imperfectly undiu’stood,- hut so far as the comparative 
analysis of tannin matm’ials among tli(’mselv<‘s is concerne<l, the m<*tlK>d 
in question is theoretically the best. 

The [)rinei)»l(^ of the method depends on tlu' oxidation of the tannic 
acid, together with glueosides and other easily oxidizable snbstanei's, by 
-permanganate, j'egnlated by the presence of soluble indigo, jirepared 
from what is eommonly called indigo carmine, Imt is ehemieally sul- 
phindigotafe of sodium or {mtassiiim, which also acts as an indicator of 
the end of tlie reaction. Tiie total amount of such substances having 
been found and exiiressed iiy a known volume of permanganat<i, the 

> Pure galloUmiiic acid or tiinuin from galU ha'i the composition (/jdlioOj, mid in con- 
atitution ia the anhydride of gallic acid, or digallic acid. 

^ V o n S (• h r ((d u r, whose suggestions liave been a<lopted l»y the German Association 
of Tanners, selects a coiiiinereial pure tannic aei { for use a.s a .standard by dissolving 2 gra. 
in a litre of water. 10 c c. of this is titrated with perniaiiganato as dcscrilied. 10 c.c. are 
then digested 20hours with gm. moistened hide-powder. 50 c.c. of the (iitrate from 
this is then titrated, and it the i>erniauganate consumed amounts to le.Hs than 10 per 
cent, of the total consumed by the tannin, it is suitable for a stiimlard. 1000 parts lieing 
considered eipiivaleut in reducing power to 1048 parts of tannin precipitable by liide, 
according to Hammer's experiments, therefore Von Schroder, after titrating as 
described, calculates the dry matter, and multiplies by the round number 1*05 to obtain 
the value in actual tannin precipitable by hide. 
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. aetnaliy available tannin is then removed by gelatine, or by tlie hide- 
powder system, and the seeond titration is made upon the solution so 
obtained in order to'find the amount of oxidizalile matters other than 
tannin. 

The volume of permanganate so used, deducted from the volume used 
originally, shows the amount of tannin actually available for tanning 
purposes expressed in terms of permanganate. 

If., R. hroeter in his LenthRr Indnstrii'H Lahoratorn Reel gives the 
most reesmt mctliods of using this iirocess in the Yorkshire Oolhige where 
he is the |>rofessoi' of l(;ather manufacture, and gives his o|)inion of its 
value; as a |)]-actical |iro(;es8. *• It is now much 6U[iersi‘ded by the hide- 
powder method, but there are still a tew ease's in which it may be era- 
ployed with advantage. Where only one or two analyses are to he made 
atone lime, the preparation and adjustment of solutions is much more 
ledions Ilian gravimetrii' analysis, but where a iiiiinher of successive 
titrations are rei|uired it i.s considerably more rapid. It has the advantage 
that it can be applied direct to solutions however diliile, and if,gelatine 
|)recipitatioii is used, it is much less affected by the presence of gallic 
acid or other lixed ai'ids than the tiide-|iowder nietlioil, and is therefore 
well adapted for the analysis of weak and waste liipiors for technical pur- 
|«iscs, for the systematic testing of spent tans, and for the analysis of 
sumach and myrabolans which contain iiincli gallica ciil, and which in 
the gravimetric method is wholly or partially estimated as tanning 
matter.” , 

The cxI ruction of the tannic acid from the raw material is best per- 
formivt by making an infusion of the ground substance first with distilled 
water to about otW c.c, at a tem|)eraturc not greater than 50” 0., then 
with water at 100° 0., and percolating till free from tannin, and diluting 
when cold to 1 litre. I’ortioiis are Mitered if necessary, (toncentratod 
extracts are dissolved before titration by adding them to boiling water, 
tlnm ccHiling ami dduting to the me;isnr(!. In tin; ease of strong materials 
such as sumach or vaioma 10 gm., or oak bark 20 gm., a re used. 

The Iiuantity of these (;xtracts to be nso<l for titration must bn ri;- 
gulated to some extent by tin; anujunt of permanganate rciinired to 
oxidize the tannic and gallic acids jiresent. Practice and exiierienee will 
enable tlio operator to judge of the projier proportions to use in dealing 
with the various materials, bearing in mind that volumetric [irocesscs 
are largely dependent upon identity of conditions for securing concordant 
results. The recommendation of the liest authorities is that the strength 
of the solution used for titration should be such as to give a solid residue 
of from O'f) to 0'8 gm. from 100 c.c. 

The working details, according to Procter, adopted at the Y’ork- 
shire College are as follows. The solutions reipiired are : — 

(1) Pure jKitassinm permanganate, O-S gm. per litre. As very weak 
solution.s do not keep well, it is best to make up one of 6 gm. per litre, 
and dilute when wanted. The exact strength of the permanganate 
is not iniiiortant so long as it is constant through a series of ex¬ 
periments. 

(2) Pure indigo-carmine 5 gm., and concentrated HjSO,, 60 gm. (ler 
litre. This must be filtered, and should give a pure yellow free from 
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any trace of brown wliere oxidized with permanganate; 25 c.c. of this 
solution should equal about 30 c.c. of the permanganate, and, if necessary, 
must be diluted to that strength. 

(3) Solution of pure tannin, 3 gm. to 1 litre. Siru'e ahsolntoly pure 
tannin cannot be ol)taincd. the following method is adopted : A sample of 
the purest obtainable tannin (not l(*ss than 00 t(* 05 per cent, pure by 
hide-]M)wder) is pres(‘rved air-dry in a well-stoppered Ijottle, and the 
moisture carefully determined. Tin* ])rim‘ipal impurity is gallie acid, 
which acts on p(‘rma.ngana.to like tiinnin, but rediKx^s somewhat more 
strongly, and 1 part of such tannin, calculati'd to dry weight, is equal on 
the averag(‘ to 1*05 parts of pure laimiii. Hence it is easy to <‘aleulatc a 
([uantity of the air-dry tannin iMpial in permanganati* value to 0-3 grn. of 
pure tannin, and this is wcigheil out when rcipiircd and made up to 
UK) c.c. The moisture varies very little, but it is w(‘I! occasionallv to 
re-deterniine it aial caliailate afn‘sh. 

.MicthoI) of PHornni'KF: 25 e.e. of the indigo sotntion are mixed in a 
beaker with ahont I lilri* of clean tap water, and the pmananganate added 
ili’op by drop from a glas^-tappc'il iMireti.o til! a pure yellow is obtained, the 
li<jui<l being stirn'd steadily tln^ whole linu'. A dise stii'rer ora glass rod 
b(‘nt several times back and forward, is to be prefmTed to a plain rod ; or 
some method of mechanioal stirring may be adopted. The ilropping 
slioiild be always as nearly as possible at a similar rate for I'aeh «‘xp<n'i- 
immt, and should 1)0 slowin'towards the end of the titration. It is eon- 
vemenl to keep a s^eoiul lieaker titrab'd to a jmn'primrose yellow as a stan¬ 
dard tost. Titrations may l)e accurately performed by artifieiai light, but 
usually differ slightly from those liy daylight, and henee the light should 
not be varied in the coursi* of mi analy>is. For daylight work Kath- 
rei ner reeommends tlie use of a white basin instead of a beaker. The 
permanganate solution is alloweil to ilrop in, with constant stirring, till 
the pur<‘ yellow liquid shows a faint pinkish rim, Jiiost clearly seen on 
the slia<l<‘(l side. 'I’liis end-i’caetion is of extraordinary delicacy, and is 
quite (lifl'erent from the* jiink cjiusimI hv excess of permanganate, being an 
effect common to ail pure yellow liquhis. The lilration is done at least 
twi(X‘, ami the average taken ; ^ iitri'of water and 25 c,c. of indigo are 
then taken as before, ami 5 c.r. of the tannin solution are added and 
similarly titrated rejieatedly. Deduefingamoiint required fortius indigo, 
the remaimler is that consumed by the tannin, which should not at most 
exceed two-thirds of tliat required by the iinligo. A similar titration is 
made with the tannin infusion to he examined, of which such a number 
of cubic centimetres is einployeil as will consume about the same quantity 
of the permanganate as the standard tannin solution The value of the 
total astringent is then eahmlated in birmsof tannin. 

Since tanning matters contain astringents which are not taken up by 
the hiilc, but whicii are oxidized hy permanganate like tannins, it is in 
most leases necessary to remove the tannin frem a i)ortion of the, infusion, 
and to repeat the titration to determine Ihi^ non-tannin ingredients. 

This may be dmie by the hhle-powdcr method at the sarnie time that 
the tannin substance is determined gravimctrieally, but a much quicker 
and even better method is that of H u n t. The solutions requii'cd arc 

(1) Turo gelatin, 2 gm. per 100 (-.c. 
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(2) Saturated solution of NaCl containing 60 c.c. of ooncentrate^d 
per litre. 

Method of PROCEDtiRE: To 50 c.c*. of the li(]Uor (of alx)ut the strength 
of 1 lo 1*5 gni. of tannin per l(K) c.c.) are added 25 c.c. of the gelatin 
soliition and 25 c.c. of tlic salt solution, and alxnit a Icaspooiiful of kaolin 
or bariuin siil]iliate, and the whole is well shaken for 5 minutes ami 
filtered. Tdiis filtrate, which should b(! perfectly bright, is titrated for 
non-banniii Uxlies by the permanganate method, doubl<‘ the volume 
I.xdng taken which was etnploye<l for determination of tolal astringents, 
and th(! result is dediicbMl before calculating I he tanning value. 

It is impoiisible togiv(! lum^ the opinions held hy various authoriti«‘s 
on tliis sub]e<'t, therefon* the reader who desircjs fulku- information sliould 
eonsnit the various papers eontributed to various journals, (de., ami more 
esjH'eiallv I’roct er’s book bclon' immtioiiiMl. 

Till* labh> on p. 422 by B. H u n t * is appended, as the result of careful 
working, and as a guide to tlie nature of varioiis tanning materials. 

'rile ‘‘tolal extract” ill the iahh‘ was determined by evait^iraliiig a 
[Kirlioii of Mil* tannin solution to dryness in’a small )>orcelain l>asin and 
drying the residin' at 110’ (1. Tin' “ insolubh* matler ” was also dried at 
HOC. 

The hidi'-powiler process forlaiinm nol heiiiga \oluim'tric one is not 
<.((‘scril»'d hen*. 

Tannin in Tea.- -'IVa-tannin is eonsidi'ri'd to he i<lentieal with the 
quercitannic acid (C,„H|„(),t,) of oak bark. , 

R. R. Tati o{- k and R. T. T li o m s o n,- after examining the various 
methods employed for the determination of tannin in tea and finding 
them unsatisfactory, fixed iqion tlic following proixiss after many trials:— 

Poll I gm. of the tea in [lowder wilii 4{X) e.c. of wali'r nn<(er a ri'flnx con- 
donsei for 1 hour. Filtc'r, w;ish with hot water, <'oo[ to 15-5“, or within 
2" or o’of tliat, and add a solution containing 1 gm. ()r ordinary basic 
ijuininc sulphate dissolved in a mixture of 25 v.r. of water and 2‘5 c.c. 
of N/,ff,^S(),. Mix thoroughly ami allow to stand tor 10 to 15 minuh^s, when 
the tannin will have Immui lu’ought down as quinim^ tannate, in the form 
ofa)>alc brown Ihavulent precipitate, (toih'ci tliis on a weighed fitter, 
wash any precipitate in the hi'uker on to the tilti'r witli some of the 
filtrate, hut do not wash with water. L<*t the lilt(‘r drain, then transfer 
to a weighed disli and dry at 100". 

Quinine tannate x 0*75 ^ leiiiiiii. 

The following results are reeordi'd: -- 



Taniun per iTiit. 

, 

Variations. 

Average. 

Tiulian teas . 

13-32-U-98 

14-3.3 

Coylon „ . . . 

10-13-18-91 

12-29 

('/liiLia . 

7-27-10-94 

9-50 


'.V. a 1885, 4, 264. a A nalysl, 1910. 38 , 103. 
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Name of Material. 

matters 
Oxidized 
by Perman¬ 
ganate, as 
Oxalic Ac. 

Tannin, as 
Oxalic Ac. 
Procter). 

III 

Total 

Extract. 

Insoluble, 


per cent. 

per cent. 

per cent. 

per cent. 

per cent 

Eugliflh oak bark 

15-70 

13-54 

11-97 

1K-.38 

66-15 

Canadian hemlock hark . 

9’0:i 

7-46 

7-08 

13-96 

7.5-D5 

Ijarch bark 

8-20 

7-17 

6-15 

20-64 

()0-80 

Mangrove bark 

31-85 

29-71 

28-48 

2 t;-(K) 

49-70 

Alder bark 

8-27 

6-15 

5-73 

19r36 

68-00 

Blue gum bark 

10-18 

8-91 

8-91 

11-76 

74-65 

Valonia .... 

37-41 

35-24 

30-.50 

.38-50 

46-05 

Myrabolans 

48-23 

38-43 

38-00 

42-80 

— 

Sumach .... 

42-53 

34-30 

31-46 

41-10 

47-77 

Betel nut.... 

15-01 

13-87 

13-79 

17-94 

67-00 

Turkish blue galls . 

73-38 

65-83 

59-9(; 

48-40 

36-.35 

Aleppf> galls . 

98-85 

H7-82 

83-05 

68-80 

14-32 

Wild galls 

26-21 

18-75 

16-56 

31-70 

54-17 

Ihvi-Divi .... 
Balsamwarpan (poor and 

66-98 

62-62 

61-22 

54-38 

29-90 

old sample) . 

50-19 

37-7(i 

32-88 

57-14 

28-25 

Pomegranate nnd . 

27-58 

24-lH 

23-12 

41-00 

49-50 

Tormeiitil root 

22-27 

20-98 

20-68 

19-70 

67-!J5 

Khatany root . 

22-27 

20-15 

19-30 

18-80 

66-00 

Pure Indian tea 

23-06 

18-65 

17-40 

34-46 

.53-40 

Pure China tea .4 

18-03 

14-21 

14-0!) 

24-50 

62-60 

Cutch .... 

57-65 

51-95 

44-24 

61-60 

4-75 

Gum kino 

66-39 

59-55 

51-55 

79-30 

1-00 

Hemlock extract 

35-16 

33-17 

30-98 

48-7H 

1 

Oakwood extract 

33-49 

26-i)0 

23-80 

37-78 


Chestnut extract 

39-77 

32-63 

28-88 

,50-28 


Quobracho extracit . 

48-22 

34-45 

40-81 

49-00 


" Pure tannin ” 

135-76 

122-44 

121-93 

— 


Tan liquor, sp. gr. 1-U80 . 
S|)ent tan liciuor, sp. gr. 

4-H4 

3-14 

2-10 

6-01 


1-0165 .... 

1-40 

0-37 

Odf) 

3-10 

- 




Alisorlied 






by Dry 
Pure Skin. 



Gambler, cube. 

70-12 


51-07 

74-40 

5-31 

„ Sarawak . 

03*13 

— 

47-01) 

70-70 

3-67 

„ bale . 

56-(W 


43-70 

63-54 

1-10 


Notk.—T he iwrcentagos of tannin given in the above table are expressed in 
terms of crystallized oxalic acid, since it is impossible to give the results of tannin 
determinations in actual peicentages of tannin. 

A. H. Allen* originated a method of determining tannin in tea leased 
on the precipitation of the tannin from a hot s«)Iution by a standard solu¬ 
tion of lead acretate, the end of the action being ascertained by filtering a 
few drops of the liquid, and testing it with ammoniacal ferricyanide. 
The method was selected partly because the determination included any 


> C. 29 , 169,189. 
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gallic acid wliich might be prcBcnt. For this reason the method is not 
suited for the assay of tanning materials without some modification. 
Vide, lOtli edition, page 359. 

Tannin In Wine.— For this determination, A. Carpene rocommends 
the use of a solution af amrnonia-actetate of ;^inc containing a large excess 
of amnionia, which reagent has the pi'op<‘rty of forming witli tlie Tl^lno- 
tannin, a tannate of zinc <(uito insoluble in water, in ammonia, and in 
(^xc(iKs of the r(uigent its(df; while it gives no ])recipitate with alcohol, 
mali(* oi- tartaric acid, tartrateis, glycerin, gelatin, alhumen, or the iron 
salts of organic acids. With gallic and suceini«‘. ficids, dextrose, and salts 
of aluminium jt forms ])recipitateH soluble in exc(*ss of the reagent and in 
ammonia. 

On treating the wine witli an excess of aimiiouiacal ziiu- ac<*tHte, a 
precipitate is formed, consisting of zinc tannate mixed witii a small 
(juantity of colouring matter. The wine' is heated nearly to boiling to 
agglomerat<‘ the preci)iitat(‘, which, after cooling, is filtcrcMl otf and* 
washeil wilh a little boiling water, to remove adherent colouring matter. 
Th(‘ pici ipitate is dissolved in dilute siilplmric acid, and the solution so 
obtained titrated with standard permanganate and indigo (see p. 420). 

Ammonlacat Zinc Acetate Solution. -Dissolve 20gm. of zinc acetate 
in 80 (•.<'. of water, and add 12 c.c:. of ammonium acetate solution. The 
latter is ma<)e by neutralizing glacial acetii* acid with strong ammonia. 
8 c.c. of strong iiinmonia are then added.* 

Determination of the Tannin-of Hops.— A. C. Chapman.' For 
tills purpose a Naturah'd aqueous solution of cinchonine' is used, tliis luiving 
been found lie preferalile to quinine and strychi»ine, tlio liop-tannin 
being imme.diately priieipitated as a yellow llocculent conqiound only! 
slightly soluble in water, and practically insoluble in cinchonine sulphate 
solution. Kxperiments wdth pure gallotaunic acid (CuHioD«, 2J1./)) 
sliowed thatO-l gm. gave O'UIj gm. of the cinchoiiine compound, corre¬ 
sponding to 03 ])er cent, of gallotaunic acid. The comiionnd of hop- 
tauniii contained 4 pm* c(*nt. of nitrogen ( = 42 pm* cent, of cinchonine), 
and 58 pm* cent, of tannin, and was thus similar in composition to the 
gallotaniiic aidd compound. For ealculation 00 jicr cent, of hop-tannin in 
the dry alkaloidal premjiitate is taken. 

l*Ko(!ni)nitu: 10 gm. of hops are placed in a Mask marked at 508 c.c., 
400 c.c. of boiling water added, and tin; Hask immersed in a boiling water- 
bath for 2 liouis, the hops bidng macerated from time to time with a 
glass rod. 'I'lie flask is cooled to 15”, and made up to the mark with water. 
The liiiuid is filtered, and 50 c.c. of the filtrate evaporated to about I5c.c., 
and, when cool, 50 c.c. of a saturated aqueous solution of cinchonine sul¬ 
phate are added, the liquid set aside for 1 to 2 hours in a cool place, and 
then filtered through asbesto-s in a Gooch crucible. The precipitate is 
washed several times with a dilute cinchonine sulphate solution, made by 
mixing eiiual volumes of the saturated solution and water, and then dried 
to constant weight at 100” C. The Gooch crucible befoi-o weighing should 
be treated with a little of this washing solution, and dried at 100” C. 

• Prom Allen’s Comnercial Organic Amlym, v., 88 (1911). 

Lupulo tauuic Acid C84H340i». ®Se© Analyit, 1908, 3S, 95. 
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‘‘rhe weigfit of cinchonine compound, multiplied by 0*6, pives the amount 
of ho]) tannin in 1 gm. of the sample. 

Kent hops gave ainounts of tannin ranging from 2'0 to 2'JH p(*r cent., 
Worceshn* hops gave 2-IO per c(‘nt. (om; samph'). Foreign hops cviniinod 
giiv(! from 2‘88 to 4-14 p(‘r c<Mit. 

Dreaper’s Copper Process for Tannic and Gallic Acids.- Tliis ih 
described in a paper contrihuted to J. S. C\ I., IHUit. 12, 412, from which 
the following abstract is taken. 

Tli(* methods liitherto proposed for Mu; ileterminaiion of tannin may 
bo di\uied into two classes, viz. 

(1) Tliose which act hy pna-ipitating the tannic acid an insoluble 
compound. 

(2) Thos(! which act by oxidation. 

To the former class belongs tlu* well-known hi(lo-powd<‘t ])roccss, a,nd 
to tin* latter L <> we n I li a I’s iK*rm<anganat(' method, wliich has l)ccn 
'modified iiy Procter and otleu’s. Th(*sc fairly l•('|ll•(‘S(‘nt llic two 
classes, and arc the only ones in general use at the present (la>. 

Dre’apor, however, huii a(ioj)t«M| a modilied form ()f Dart on’s' 
metiiod, tli(‘ novelty of which consists in pnaapitalmg tlie taiini<- acid 
hy tnciins of an Hmmonio-eo])per sulphate soluthm, after a i)reliminary 
treatment with siilphnrie acid to remove tlie ellagie acid, and then a 
treatnient with aiunioiiia, filtering after each treatment. Procter 
states that this prelimitiary tn‘atni(‘iit is unnee<‘ssary in tin' ease of sotne 
extracts, hut Dreapt'r has miver foittid any pri'eijiitation to take place 
in the east* of tlie so-called pure tamiic acids, probal)ly owing to tim re¬ 
moval of the impurities during the proei'ss of puritieatiiui. The original 
’solution hikI the filtrate are titrated witli jiermanganate as in bdw- 
e n t h a r s imithod, the difference in th(^ two results being due to the 
tannic acid [iresent. The (•(►pper eomj>ound may lx* dru'd at 110' (-.and 
weighed, or else ignited an<l \veighc<l as eoppiu’ o\id(>. FItM'k stati's 
that the tannic acid can be <‘ak‘nlat«*(i from this by multiplying bv tlie 
factor 1'034. 

The standard copper solution used l»y the author eoiitaine<l dO gm. of 
pure erystallizeil eoppiT sulphate in a litre of Ivater. Partnm earl«inat(‘ 
is also re<(iiire(l. wliieli should he free from calcium salts. 

Thfi process IS ha^ed oil l-lie dinn't jmscipitatioii of tlio gallic and taiiiiic acids 
by means of a mpper salt, using as outside ludicator potasMuiii ftTrocyanidc'. If 
a standard .solution of copjier sulphate lx; run into a solutioii of tlie mixed acids, 
a cerhiin amount of copper tamiato and gallato will he procupitatod, dejKnidiiig on 
the dilution of tlio solution and thi* amount of acid set fre<‘ from the cop[X!r sul¬ 
phate The precipitate is, in these circum.stances, of a bulky iialiim and ill adajited 
to any sejiaratiou by quick filtration, so necessary in a proi;ess of tins descriiition. 
It was found that when a solution of copper sulphate was added to a solution of 
the mixed aculs in the presence of barium carbonate, the prwnpitation proceeds 
with the utmost regularity. The carbonate niimo(lia,tely forms insoluble sulpJiate 
^with the free acid, and also lielps to cousolidate the precipitated copper .salts, so 
that towards the end of the reaction they fall rapidly to tlie bottom of the vessel, 
leaving the suiwrnatant liquid clear. This separation is a good indication that tlie 
end of the titration is near, and is supplemented by the ferrocyaiiido test. 

Afuer. C. K, m2,A, 4. 
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A modified method of testing for the excess of copper in the solution is as 
follows: Pieces of stout Swedish filter paper one inch square are foldal across the 
middle, and a drop of tlie liquid to he Le-sLed taken up on a glass rod and gently 
dropjied on to the top surface. The liquid will percolate through to the undc'r fold, 
leaving l^ic precipitate on tiio upper one. U is thou only necessary to unfold the 
slicct and apply a drop of forrwyanide to the under surface, ff the reaction is 
comploU: a faint pink eoloralion will take place, which is perliaps more easily re* 
cogui;! 0 (l by transmitted liglit. 

The Tesiilts oljtamed l»y duplicate experiments tend to .sliow that the copper 
salts are |X!rfectly constant in composition Avheii precipitated m this manner, aud 
the results (!(|ual in accuracy any obtained with other ]iroecsses. 

About ] gm. (d barium earhonatc was added in eiwdi ease and ihi‘ solution 
heated iq) to (b before titration. The tcmjKiratun.* at the end of the titration 
should not he less tlian 30" 0. 

Tile preeipitation by i^opper is done on say 'If* c.c. of tin* solution of the sample 
and tli(‘ results noted. bO e.c. ot tlie same .sampli! are titeii mixed with tlie usual 
proportions of gelatnu', salt, acid, and barium sulphate, diluted to 100 c.c., tlien 
filtered tliivjiigh a dry filter and .')0 c.c. ( ~ 25 < x. (if tlie original liquid) titrated 
with copper solution a-s before, the dilTeronce being eiticulated to available tamim. 

Tho ex]'M-riments show tliat the s()|)aration lA the tannic, acid In means of an 
acid solution of gelatine and salt will not alTect the general n*,snlts obtained, and 
this iiietliod for want of a better was used in the experiments, Proeter’s modi¬ 
fication lieing considered the most accurate, and therefore adojited. 

The following table was jirepan-d from experimcnt.s, showing the error due to 
tlio iiidnuUor m e c. of standard solution added to different ({iiantities of water:— 

• 

I 

ce I'kf Stiind.irtl yoliilioi) j 
re(pine(l i 


o-;{ 
0-1 
()-7 
1-0 
I s') 


The al>ov«' eorivctioii should be made in all ease'-. 

A sample of so-called pure taninc acid gave tin' following results 


Wei 111 taken 

e.e. rcilUirei] 

Gill. 

o-f> 

25*0 

0-.') 

25*2 

Os') 

2rr2 


Slightly lower results wore obtained when the o|Teration wa.s conducted in the 
lold, probably owing to slie slower action of the carbonate on tlie free acid; but 
ho rate of ruiming in of tho solution had no appreciable effect on the quantity 
equired. 


e.e ot Water. 


20 

30 

fiU 

1(X) 

IbO 
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A sample of the puilosi gallic acid that could be obtained gave the following 
figures 


Weight taken. 

c.(r. mpure*! 

(ini. 


0-6 

45-0 

0-5 

44*8 


Allowing lliat the aiiid was of 90 per cent, purity, those results would give a 
value for each c.c. of O’OUl gm. This figure must of coume only be taken as 
approximate. It will he seeu that more solution is required to precipitate the 
gallic than tlio tannic acid. This is also noticed in L o w e n t h a 1’ s method. 

D r o a p (* r ’s latest ih^ttifiIs ‘ for his ]»rocoss arc brielly as follows :— 
Standard Solutions.—(J) Copper sulphate equivalent to 0-05 CuO per 
c.e. (ir»7 giu. of tlie erystalliml salt in 1 Iitn‘); (2) 20 gin. lead acetate 
and 00 <*.e. glacial aeetii* acid peu' litre ; (3) 50 gm. aiumoniuni eartM)nato 
and 50 gm. sodium sulphite per HI re (tiie sodium siilpliite is used to pre¬ 
vent oxidation during tlie priMujiitatiou). 

(a) nOe.e. of the tannin solution (containing 10 to 15 gm. per litri*) are 
titrateil vvitli tin* copper solution after lieating to 80 ' to 90 ' for a few minutes 
with excess of OaC()., (about 1 to 2 gm.) and cooling. Tin' result in terms 
of CuO represents the total tannin and gallic acid, and any “•non-tannins” 
which precipitate copper salts, hut not tlie non-tannins which may he 
carried down mechanically. 

(h) A second 50 c.e. is taken, and 10 e.e. of tlie l<*ad solution added in 
the presenci* of harinm snljihate. It is well shaken, and after 5 minutes 
the lead tannin precipitate is filtered off tlirongh dry filter-paper, 0-5 gm. 
of anhydrous sodium sulpliate is ailded, and after 5 miiintes the lead 
sulphate is filtered off. 40 c.e. of the filtrato is taken and litrati'd as in 
(tt). The result gives the non-tannins preeifiitated hy copper salts 
(gallic ai'id), and when subtracted from (a) gives the tannins also. 

(c) 'I’o 50 c.i*. of tannin solution 25 c.e. of solution (3) above are added. 
The copper tannatc formed on titrating this solution in tlie cold is free from 
gallic arid, but only tlie tannii* acids insoluble in ammonium carbonate 
are precipitated, so that a comparison with tlie results obtained in (6) in- 
<licates the amonnt.s of total tannie aciil, the two groiqis of tannic acids, 
and gallic acid and the non-tannins which may form I'ompounds with 
cop|>er, respecfividy. It is generally sufficient in practice to use only the 
lead separation which entirely removes all tannins, lint no gallic acid. 

When testing the (c) solution for excess of (topper by means of a 
doubled slieet of filter-paper, the ferrocyanide must be strongly acid with 
acetic acid, and the final result must be confirmed after an interval of 3 
minutes, as the copper salt is precipitated ^luwly in this case. 

Tlie pixicess giviw tlie mordant value of any tannin, and is not affected 
by any “non-tannins” or colouring matter carried down mechanically, 
or by free acid in the Inpiors. The presence of reducing sugars has no 
influence on the results. 


1 C. iV., 1904, 90, 111. 
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the precipitate is ignite(i, moistened with nitric acid, and re-ignited, ' 
and the OuO weighed : 

(*JuO X 1-034 - tannic acid. 

(This factor prol)Hbly applies only to gallotannic acid.) 

The cliief advantage (-laimed hy the author of this inetljod over Low- 
e n t ii a r K an^ as follows :— 

(1) BofJi the tannic and gallic acids are detm-inined. 

(2) li'Jipidity wliere a simple M.ssay is sufficient. 

(3) The results are expressed in feviiis of the copj)er oxide precipitated. 

(4) The standard solution keeps well, ami there is no corr<*ction neces¬ 
sary for indigo solution ov gelatine. 

(H) Larger t|imntities of the solution ean he titrated, thus reducing the 
working error. 

It seems to h(‘ possible to use this method for suljstaiiees otfier than 
tannic or gallic acids, e.g. Fustic. 

The following results were obtained with a sample of pure Fustic 
extract 51'^ Tvv. . * 

0-5 gm. taken re<|ninM| LLoc.c. of standard solution. 

0-3 gm. taken r(M|uired ll-h c.e. of standard solution. 

Till* end of I hi' reaction was sharp when the titration was carried on 
at the boiling-point anil the precipitate setticil well. 

Other Methods of Determining Tannin. 

Direct Precipitation by Gelatine.— The dilficnity existing with this 
method is that of getting the precipitate to settle, so that it may be 
elcarly seen when enough gelatiiu* has been added. 

Tolerably good results may sometimes lie obtained by using a strong 
solution of sal ammoniae or chromic alum as an adjunct. The best aid is 
probably barium sulphate, 2 or 3 gm. of which should he added to each 
jiortion of lii|uiil used for titration. 

The. tannin infusion is diluted with an eijual volume of saturated 
aqueous solution of ammonium ehloriili', ami titrated with a J per cent, 
solution Ilf gelatine in cold haturated ammonium ciiloride. The end of 
the action is asi'ertained hy liltering a few drops of the liquid, ami testing 
it with a solution of gelatim' on a wateh-glass placed on a biaek surface. 
Catechu-tan nil* acid is said to give good results in this way, 1 c.e. of the 
gelatine reagent representing 0-13P gm. of the tannin. 



PAKT VJl. 

sm’lAI. APPLICATIONS OK THE VOLl'METKK’ SYSTK.M TO 
THE ANALYSIS OK TKINE. * 

ANALYSIS OF URINE. 

The cotnph'tc niul arcurafr* ilctcrminatidii of flu* normal ami almornial 
rionstitnonts of nnm* ph'sonts luoiv tlian ordinary ililficnity to ov<‘n ox- 
perioijced clnmiists, and is a lio|i(>I(‘ss task in iIk* hands of any otlnn’ 
than sucl). Km’tnnatoly, fiou(‘v<‘r, tin* most iin|»ortant inattors, sm-h as 
urea. ;;luoost'. ]>lios)ihalos, snlphatos. and <‘hlorid('s, can all l>i‘ <loti‘rniin(‘d 
volmnotrically witli accnraov hv ordinary operators, or t)v nuMlica) men 
who cannot d(‘V(d<‘ mucli lime to praetical cln'inislry. Tin' rcsearcln's of 
Liel>ie, Neul>an(‘r. Pence Jones, Voecl, Jieale. Ilassail, 
Pavy, Allen, and otlnn's, liave resnih'd in a Iruev knov\ie<l^a‘ of tliis 
important seerejion; and to tlie two limt mentiomal elnnuisrs are 
mainly indebted for tln^ siinjilest ami most accurate metliod of determin- 
inf^ its constituents. Willi the ndation wliicli the proportion of these 
constituents hears to health or disease, tlie pn'simt treatise has nothing 
to do, its aim Ixdng simply to ])oint out the readiest and most useful 
metliods of (hdermining tliem (juantitatively. 

One thing, however, is iKM-essary as a preliminary to the examination 
of urine, which has not generally hemi sullieiently eonsi<ler(‘d ; that is to 
say, the relation between th(‘ (jnanlity of siuTction passed in a given 
time and tin' amount of solid matters found in it by analysis. From a 
medical point of view' it Is a nune waste nl time, gcmerally speaking, to 
determine the <‘onstituenls in half a pint or so of urine pass<‘d at any 
particular Imur of tin’ day or niglit williout asj'eitaining llie relation 
which that (juantity, with il.s ('<nislitneiils, liears to the whole (|iiantity 
passe<l during, say, 24 hours; ami ihis is tlie more necessary, as the 
amount of thiid secreted varies very considerably in healthy persons; 
liesides this, the analyst should register tlie I’oliuir, peculiarity of smell 
(if any), eonsisteneii, pr<;senee or ahsc’in'c of a dej«>sit (if th<i former, it 
should he eoMixded for separati’ analysis, filtered urim’ only being used in 
such cases for examination), ami lastly, its ri’m-tion lo litmus slionld he 
observed. 

* 

I. Specific Gravity. 

This may be taken by measuring 10 e.c. with an accurate pipette into 
a tared beaker or flask. The observed weight say is 10'205 gm.; there¬ 
fore J02(>‘5 will be the specific gravity, water being 1000. Wliere an 
accurate balance, pipette, or weights are not at Iiand, a good urinometer 
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may These instruments are now to be had with cncIose<l tlier- 

momoter and of accurate ^o’adiuition. The specific gravity of nonnal 
urine varies from 1015 to 1025. 

2 , Determination of Chlorides (calculated as Sodium Chloride). 

This may be done in various ways. L i e )> i g ’ s metljod is by far tlie 
sim})iost, l)iit tin' end point is genc'rallv so oliseure that the liability to 
error is Very great, and tlier<*fore the d('tails of the |m)C(‘ss an* oinift(‘d. 
Mohr’s metliod is niodilied hy the us<* of animoninin in phua' of 
}>fltassinni nitrate, owing jo tlie soivc'nt eff<‘(d whi(d> tin' latter has Iteen 
found to e\ert on silver chromate, lly ignition the ammonia salt is 
destroyed. 

(e) By Silver Nitrate and Chromate Indicator (Moh i ). 10 e.c. of 
the urine are measured into a thin porei'lahi eapsnie, and 1 gni. ctf pure 
amnu'iiium nitrate in powder adde<}; tlie wimh' is then e\aporate(l to 
dryness, and g(*ntJy charred ovi'i-a.n argand hnrnei-. Tlie r(‘sidue is «‘\- 
traeted vsith hot water, passed through a smaM filti'r, a.nd waslied.’ The 
(iltrate, which should be colourless, is tlu'ii ready, after addition of a. lew 
di’ops of potassium ehromati', for titration witli N^io silver nitrate solu¬ 
tion. as on page 147; or f<ir the determination of eliloriiu' l>y V o 1- 
h a I'd ’ s method (/>). 

Kai'h f.{‘. of silver solution represents 0-005H40 gm. of salt. eonse(|uently 
if J2'5 e.e. have been used, tin' weight of .salt in the 10 e.c. of uriim is 
0'075l)75 gm., and as 10 e.e. only were takmi, the vvi'iglit multiplied by 
100, or what amounts to the same thing, the decimal iioiiit moved two 
jilaees to the rigid, gives 7‘5075 gm. of salt for 1000 e.e. of urine. 

If 5't) c.o. of the urine are taken for titration, thn mnnlx'r of e.e. of N/j^ silver 
used will represent the number of parts of salt m KKX) ]mrts of nriue. 

(5) By Volhard’s Method. -This is a direi-t determination of (M 
hy exi-ess of silver ainl llie exi'css found Iw ammonium or )Mitassium 
tliioeyanate (p. 150), which givi's vi'rv good results in Ilu' ahsence of much 
organic iindter, and is earrii'd out as follows : 

10 e.e. of nriiie are placed in a lOO e.c. Hask ainl diluted to alwmt 00 e.e. 
2 e.c. of pure nitric acid ami 15 c.c. of standard silversohdion (I <■.»•. - 0-01 
gm. NaCl) are then addi^d ; the closed flask is uell shaken, ami the 
measure made up to 100 e.c. with distilled vvatm-. 

The mixtun' is then passed tlinaigh a dry (ilb'r, and eitlier 70 or 
80 e.e. of tin' clear Huid titrated with standard thhu yanate for tlie excess 
of silver, using the l;erric indicator described on page 150. Tlie relative 
strengtli of tlie silver and tliioeyanate lieirig known, tin* measnri' of the 
former reipiin'd to combine witli Die chlorine in the 7 or 8 e.e. of urine 
is found and calculated into NaCI. 

A r n o 1 d 1 carries out this ]>roeess as follows ; - 

10 e.e. of urine are mixed with 10 to 20 drops of nitric acid sp. gr. 1*2, 
2 c.c. of ferric indieatoi’, and 10 to 15 drops of solution of permanganate 
to oxidize organic matter. Tlie Ihjuid is then filtered and titrated as 
descrilied above. 


* P/fuijer'-'i Archiv., 30, 541. 
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3. Determinatiofi of Urea. 

Oarhfimide CO{NH 2 ) 3 . * 

If a solution of urea is mingled with an alkaline solution of sodium 
hy|KM‘hIorite. or hyi>olu*omife, the urea is rapidly (hicomposed and nitrogen 
evolved, vvliieh can be eollectcd and measured in any of the usual forms 
of gas apparatus described in the section on gas analysis. 

C0{NH2)3 + 3NaBrO - 3NaBr + 2H.,0 + 00, + N,. ' 

Test experiments with ])nre urea have shown that the wlioh^ of the 
nitrogen contained in it is eliminated in this process, vVitb the exception 
of a constant deficit of 8 per cent. Ttie carbon dioxide set free in the 
reaction is absorbed by tl>o excess of caustic alkali present, so that 
nitrogen gas alone is evolved, fn the (*ase of ui’iin^ there are other 
nitrogenous constituents |)r<*sent, such as urii' acid, hippurie a<ad, and 
creatinine, which render up a srnidi proportion of tlieir nitrogen in the 
process, but the quantity, so oldained i.s insignifi<‘.ant, and may be dis¬ 
regarded. (^insequently, for all medical purposes, this method of de¬ 
termining urea in urine is sufficiently exact. 

In the (;ase of diabetic urines, however, IVf c b u and others have 
pointed out that this deficiency is diminished, and if, in atldition to the 
glucose present, cane-sugar be hIso addcfd, it will almost entirely dis¬ 
appear. Molin' thei’ofore recommends that in tin; analysis of sacch¬ 
arine in‘in<^K cane-sugar l>e added to the extent of ten times the amount 
of urea present, wlien the difTereruM' hetween th(‘ actual and tln'oretical 
yield of nitrogen will not exceed 1 |>er cent. 

Russell and West^ have <lescribed a very conv(!ni(*nt a|)paratus 
for working the process, which giv<^s v(*ry good r(*snlts in a short space of 
time. This method hns given rise to endless forms of ijiij){iratus devised 
by various operators, including M e h u, Y v o n, I)upr6, Ai»jolin, 
Maxwell .Simpson, l)or<‘mus, O’Ki'cfe, etc., etc.; tlm prin¬ 
ciples of construction arc ail, how<‘ver, tln^ sam<‘. Those who may wish 
to (xnistruct simple forms of apparatus from ordinary laboratory ap¬ 
pliances, will «lo w(!il to I’l'fer to the arrangements of I) u p r 6-' or Max¬ 
well Si in pson.^ The nitrometer, with sidi^ flask, and using mercury, 
is perha|)s the best of all for the gasonictrie ([(‘termination of urea. 
Each c.c. of N. prc>duVed, after con*(‘etion for temperaturi', presrun;, and 
moisture, being e({ual to 0'0()2P13 gm. of iin.vi on tli(‘ aksnmption tliat 
92 per cent, is evolv(Hl. 

The apparatus devised by Russell and West is shown in hg. 1)3, 
and may be described as follows 

The tulie for deconqxising the urine is al>out 9 inclies long, and about 
half an ineh inside diameter. At 2 inelies from its closed end it is 
narrowed, and an elongated bulb is blown, leaving the orifice at its 
neck I of an inch in diaim‘t(!r; tln^ Imlb 8*nould hold a)>out 12 c.c. The 
mouth of this tube is fix(M into the Ixittorn of a tin tray about IJ inch 
deep, which acts as a [ineumatic trough; the tray is supported on legs 


1 HvV. S«c. Chim. [2], 33, 410. 
3/fttrf., 1877, 534. 
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long enough to allow of a small spirit lamp being held under the bulb ’ 
tube. The measuring tube for collecting the nitrogen is graduated into 
cubic centimetres, and Is of such size as to fit over the mouth of the de* 
composing tube ; one holding about 40 c.c. is a convenient size. Russell 
and West have fi^ed by experiment the projK^rtions, so as to obviate 
the necessity for correction for pressure and temperature, namely, 37*1 
c.c. = 0‘1 gm. of urea, sincu^ they found that 5 c.c. of a 2 ])(;r cent, solution 
of urea constantly gave* 37*1 c.(5. of nitrogen at ordinary temperatures and 
pressun^s. The entire apparatus can be purchased of most operative 
(chemists for a moderate sum. 

Hypobromite ,Holntion..This is best prepared by dissolving 100 gm. 

of caustic soda in 27)0 c.c. of wat(U’, antt at tlio tinn* r(H[uired 25 c.c. of the 
(cold) solution are mixed with c.c. of bromine; this mixture gives a 
rapid and coinidete decom|M>sition of th<‘ 
urea. Strong ^olution of sodium or calcium 
hypo<‘hlorite aiiswens etjually well. 

Mninob OF Pbockui iU'] ; T) c.c. of the urine are 
meaHiirod into the hulh-tuhe, fixed in its in-opor 
position, and tlie sides of the tube washed down 
with distilled water so that the hulb is filled up to 
its eonstnetion. A gla^s rod, having a thin band 
of india*ruhb('r on its end, is then passed down into 
the tube so as to plug up the narrow opening of the 
bulb. The hypobromite solution is thou poured 
into the upper part of the tube until it is full, and 
the trough is afterwards lialf filled with water. 

The graduated tuho is filled with water, the 
thumb placed on the open end, and the tube i.s in¬ 
verted in the trough. Tlie glass rod is tlien pulled 
out, and the graduated tuho shpjied over the mouth 
of the bulb-tube. 

The reaction coinmonees mimodiately, and a 
torrent of gas rises into tlie moasunng tube. To 
prevent any of the gas being forced out by the re- 5 ;^ 

actiou, the upper part of the bulb-tube is slightly 

iiarrf)wed, so that the gas is directed to the centre of the graduated tul>e. With 
the strougtii of liyjiohromite solution above described, the reaction is complete m 
the cold in about 10or 15 minutes; but in order to expedite it, the bulb is slightly 
wanned. Tlii.s causes the mixing to take place more rapidly, and the reaction is 
then complete in 5 imnutes. The reaction will be rapid and complete only when 
there IS considerable excess of the hypobromito present. After the reaction the 
liquid should still have the characteristic colour of tlie hypobromite solution. 

The amount of constriction in the tul>c is by no means a matter of 
in(liffor(*iic('i, as the rapidity with which the reaction takes place depends 
ui)on it. If the liquids mix too quickly, the evolution of the gas is so 
rapid that loss may occur. On the other hand, if the tube is too much 
eonstricted, the reaction takes place too slowly. 

The simplest means of supporting the measuring tube is to have the 
bulb-tnbo corked into a well, which projects from the liottom of the 
trough about 1 inch downwaixls. The graduated tube stands over the 
bulb-tube, and re,sts upon the cork in the bottom of the well. It is 
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convenient to have, at the other end of^ the tronfrh, another well, which 
will form a support for tlie measuring tube when not in use. 

To av<nd all calculations, the measuring tulxi'ls so graduated that the 
amount of gas I’oad off e\pr(*Rs('s at once what may be called the per¬ 
centage amount td urcci in the urino e\periment(*d upon ; i.('. tlie number 
of grams in 100 <*.<*.. 5 c.c. being the quantity of urine *akcn in ea(‘h case. 
The giis collected is nitrogen saturated with iujueous vapoui', an<l tlie 
hulk will obviously l>e moi’c or 1(5 rs affected by temperatun^ and pressure. 
Alterations of the barometer produ<‘C so small an alteration in the volume 
of the gas that it may gcmu'ally l.)e neglected ; e.g. if tlu're arc 30 c.c. of 
nitrogen, the <|nantitv prefeirod. an alteration of 1 inclj, in tluf height of 
l>aromi‘ter would |)roduce an error in the amount of urea of about 0-(K)3; 

but for mon'exact experiments, the 
correction for pressure slnudd be in¬ 
troduced. 

In th<‘ wards of hospitals, ami in 
rooms where tlie c\])crimonts are 
most likely to be mad(‘, the t(*mpera- 
tu!M‘will md var\ much from K., 
amt a fortunate eonq)ensation of 
errors occurs with this form of ap¬ 
paratus in these eireumstnne<'s. The 
tension of tin* aqueous vapour, to¬ 
gether witii tlie expansion of tlie gas 
at this temperature, almost <‘.\actly 
eountcrhalanees Ihe loss of nitrogen 
in the reaction. 

The authors found from experi- 
cnc(‘ that 5 c.c. ot urim^ is Uu‘ most 
advantageous (|uaiitity to (uiiploy, as 
if usuallv I'votvi's a, eonveni<*nt bulk 
of gas to (ixpi'rinuMit with, i.c. about 
30 c.c. 'riiey have shown that 5 c.c. 
of a standard solution containing 2 
l>(‘r cent, of urea, (‘volve 37d c.c. of 
nitrogen, and !iavi‘ eonse<|Ucntly 
taken this as tlie liasis of tin; graduation of Ihi' measuring tube, viz., 37T 
4‘.c. of the gas as measured represent 0*1 gm. of urea. This bulk of gas 
is iva<l off at once as 2 i»er cent, of urea, and in the same wa,y tlie, otluM* 
graduations on the tube rcpresmit percentage amuimts of urea. 

If the urine exjieriinented witli is very rich in ucixi, so that tlie 5 <xe. 
evolve a much larger volume of gas than 30 c.c., then it is Ix^st at on<*e to 
dilute the urino with its own bulk of Avater; take 5 c.c. of tliis diluted 
urine, and multiply the volume of gas obtained tiy 2. 

If the urine contains much ailmmen, th's interferes with the iiroccss 
in so far tluU it takes a long time for the bulibies iif gus to subsidi' biTore 
- tlie volume of gas obtained can be aciairately read off. It is tlierefore 
better in such cases to remove as mucli as possible of tlie albumen by 
heating tiie urine with 2 or 3 drops of acetic ;i.cid, filtering, and then 
using the filtrate in tlu^ usual manner. 
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Another form of apparatus much used in makiriff this determination 
is tliat devised by A. W. G e r r a r d i (fig. 54). 

ft (insists of a graduated tube, whicth is eonnecte<l with a second 
tube, s(‘rving as a reservoir, by means of india-mbber tubing. The 
graduaieti tube is closed at the top by a rubbru* stoppci-, through which 
passes a T tube, on<5 op<*ning of which is fitted witii a short piece of 
flexible tubing clos(!d by a clip, while the otijcr is connected by a second 
piece of tubing with a l)ottIe flitiul witli a perforated coj'k. In making a 
tost. 25 c.c. of the hypobroinito solution arc measured info this Ixittle, 
then a small test-tube containing 5 c.c. of the urine to he tested is care¬ 
fully plac(‘d ill i^ in such a manner as to avoid contact between the urine 
and tlie reagemt. The bottle and graduattul tube are now connected as 
shown in the figure, the clip opened, and water poured into the reservoir 
(f) until, by .suitably adjusting its height, the water stands at the zero- 
point ill tlie measuring tube ami at th<^ same level in the reservoir— • 
taking caie that when this is effected tlie latter contains hut little water. 

TJie clip is then ('losed, and the bottle so tii^lct] that tlie urine gi'Adually 
mixes with the hyjMibromite solution, the buttle being gently shaken to 
piomote the mMilution of gas, wliicli commences imm(‘diately and is 
complete in a few minutes. After 5 (or preferably 10) minutes the re¬ 
servoir is lowered until th(‘ watiu’ in it and in the gradnatial tube stands 
at exactly the same level, wlien tlu! volume of gas is read off at once as 
percentage of urea contained in the urine. If tlu' urine contains more 
than 0 p(‘r cent, of urea, it is necessary to take 2-5 in^lcfid of 5 <'.c., dilute 
it with an e(|ual volume of water, and double the result obtained. 

4 . Determination of Phosphoric Acid (see also pp. 307 et seq.)« 

Till' ju'inciplc of this method is fully dc.scrilKxl at page 307. 

The following solutions a,re rcapiired 

(1) Standard uranium aeetate or nitrate. 1 e.c. - 0-005 gm. 1*.^^ (see 
p. 308). 

(2) Stamlanl plio>pli<>ric acid (see p. 309). 

(3) Solution of sodium acetate (see p. 308). 

(4) Solution of potassium ferrocyani<lc.- -.Ibout 1 part to 20 of water, 
freshly )a'(‘parc(l. 

Mkthod of Pkockdurj: : 50 c.c. of the ch-ar urim* are measured into 
a small beaker, together with 5 c.c. of the solution of sodium ai-otate (if 
uranium nitrate is used). The mixture is then warmed 111 ttic water-bath, 
or ol.hcrwisi^, and tlu^ uranium solution delivered in from the burette, 
with I'oastaut stirring, so long as a precipitate is scon to form. A small 
purtiuti of the mixture is tlieii removed with a glass rod and tested as de¬ 
scribed (p. 309); so long as no brown colour is produced, tlio a<ldition of 
aranium may bo continuo<l ;*when the faintest indication of this reaction 
is seen, tli(‘ process must be 8toppe<t, and the amount of colour observed. 

If it coincides with the original testing of the uranium .solution with a 
aimilar quantity of fluid, the result is satisfactory, and the quantity of 
solution used may be calculated for the total pliosphoric acid contained 
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in the 50 (*.(■. of urino ; if th (5 uranium Iuik boon usoii aceitlontally in too 
groat quantity, 10 or 20 c.f. of tlio samo urine imi^v be added, and the 
testing conoluded more cautiously. SupjKiso, for l■.xanll^lo, that the solu¬ 
tion has been a.dd<‘d in the rigid proportion, and 10‘2 <•.(*. ns(‘d, ih(^ 50 e.c. 
will liave contained O-OlHi gin. pliosphoric acid ( ^ 1'02 jier 100). With 
care and some little practice the results are very satisfactiuy. 

Earthy Phosphates. The above dcstermination gives the total 
amount of jihospliorie acid, but it may sometimes be of interchf t(‘ know 
how much of it is conduued with lime and magnesia. To (his end 1,00 
or 200 <‘.c. of the urine are measured into a biaiker, and reinhued freely 
alkaline with ammonia; tin* vessel is then set aside for 10 or 12 hours, 
for the precipitate of t'arthy phosphates to settle ; the dear li(|ui<l is then 
deeaute<l through a filt^u'. tin* precipitate bnaight u])on d and washed 
with animoniaea! water; a liole is then made in tin* lill<‘r an<l the ])re- 
cipitate washed through ; the papi'r moist<‘iied wdh a litth' acetic acid, 
and washed into the vessed euidainiug tin* precipitate, wliidi latter is 
dissolviai in aeetn^ acid (sonu^ sodium ae(!ta,t<! added it uraiiiuin ndral«‘ is 
used), and tin* mixtun' dilut<'d to about. 50 e.c. and titrated as before de¬ 
scribed; tin* (|uaidity of phosphoric aei«l so found is deducted fruni (he 
total previously delermine<l. ainl tin*, vcuuaimlergives the (juantity existing 
in combination wdh alkalis. 

5. Determination of Sulphuric Acid. 

€ 

Standard barium eliloride. - A quantity of crystallized barium ehloride 
is to be powdered and dried betw(‘en folds of l)lotting-papi‘r. Of this, 
30*5 gm. are dissolved iu distilled water, and the liquid made up to a 
litre. 1 c.e. -= O'Ol gm. of SO,,. 

Solution of sodium sul|)iiat(‘.—J part to 10 id' water. 

Method of ritorEiU KE; loo c.e. of the urine are |M)ur<‘d into a heakm-, 
a little hydroeldorie acid added, and the whole placed on a siiuiil sainl- 
bath, to which heat is a])piied. Wlien tint solution hoiis, the harium 
chloride is ullowial to flow in very gnnlually ns long as iln* j)re<-ipilate is 
seen <listinetly to increase. The heat is removed, and the vesst I allowed 
to stand, so that the piv<-ipitat(! may suliside. Another drop m- two is 
then a<l<lcd, and so on, until the whole of the St), is pr<‘ei[utaled. Much 
time, iiowevcr, is saved hy using B <• a.! e’s filter, reprc'sented .11 fig. 23, 
A little of th(^ Huhl is thus filtered clear, jiourisl into a t('st-luhc, an<l 
tested with a drop from tln^ burette; this is afterwards returned to the 
beaker, and more ot the test solution aildi'd, if necessary. The operation 
i.s repeated until the juxM-ipitation is complete. Jn onler to he sure that 
too much of the baryta solution has not lieen addisi, a drop of the clear 
fluid is addoil to tin; solution of sodium sulpliatc placed iu a test-tube or 
upon a small mirror (s<ie p. 331)). If no precipitab* apjiears, more barium 
must be added; if a slight cloiuliness takes ^hace, tlu 5 nnaiysis is finished ; 
but if much preidpitate is jirodueod, too large a (quantity of the test has 
been used, and the analysis must be rcjieated. 

For instance, suppose that 18*5 c.e. liave been added, and there is still 
a slight cloudiness produced which no longer increases after the addition 
of another 4 c.c., we know tliat between 18J and 19 c.c.'of solution have 
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boon miuirod to preoipitato tl/o whoh; of tho sulphuric ucid pres(Mit, and 
that a(!COvdinf,dy th(i 100 c.c. (jf uriii(> contained i»ctw(^en 0d85 and O'lO 
gni. c)f SO.,. 


6. Determination of Glucose. 

Fc 1 i iig's method a,s (hscrihed on i)age 412 may )»; used, but the 
most suitai»l(^ melhods for urine ai’e (4 e r r a r d ’ s cyano-cupric (p. 415), 
or tin** P a V y - F (* 1» 1 i n g. 

PiiocE.'^s i-oic TirE OvANO-f’UPRir SoLunuN. —10 c.c. of the c](‘ar urine 
are <liluted l>y moans of a measuring flask t<» 200 <‘.e. with water, and a 
large burelte liTled with tho ttuid. To 10 c.c. of the cyano-cui)ric solution 
prepared as directed (p. 415), an* then ineasnre<I anotln*!' lo'e.c. of Fc* li I- 
ing’s copper solution and the liipiid luoiight to boiling; Tin* diluted 
urine is then dcliva'red eautionsiy from tin. burette into the still boiling 
li<[iud, Hinl with eonstant stirring, until the l)luish <'olonr ha^ nearly dis- • 
n})pi‘ared. 'I'lie addithm of tln^ uriin* must then be eonfinin*d more care¬ 
fully, until the colour is all removed, tin* hurctte is then read, and tint 
(juantity of sugar in the urine ea.lcniat,e(I as follows : - 

Mi]i])ose tliat 40 c.c. of tin* diluted uriin* Inue been required to n'duee 
the lO c.c. of c{ip[H*r solution, that (piantit** will lia\(‘ contained 0-05 gm. 
of sugar; but, tin* urine In'ing diluted 20 times, tin* 10 e.<‘. repn'seut only 
2 e.c. of the original urine; thend'on*- 2 c.e. of it cmitain O’Oo gm. of 
gliieosi*, or 25 jiaiis per 1000. 

If the Pa V y - F <* h I i n g solution is us<*(l, it is prepared as (ieserit)(*(l 
on page 413. 

.Metmou ok Pin.K’EnriiE : 10 c.e. of (•l(‘ar iiriiic are diliiU'd as just de- 
s(a'ilM*d, mid d(*]ivere<l eautionsiy from tin* l»Lin*tte into 50 or 100 e.c. of 
tli(5 P a v v - F li I i n g liipiiil (previously healed to boiling) until the 
colour IS discharged. The calculation is tin* same as befon*. 100 c.c. of 
P a. V y - F (i h 1 i n g solution 0*05 gm. glucose. 

The aiumoniaea,! fumes are hesi absorbed by h'adiug an elastic tube 
from the ri'dnction flask into a lieaker of water; the <'nd of the tube 
should l)f*plugged with a piece of solid glass rod, aani a transverse slit nnnh^ 
ill tin* (*Ia.stic tube just abovi* the i»lug. Tliis valvi* a.ll<»Ws tin* vajKiurs to 
csea|K*. lait prevents the rt'tnrn of tin* liijiiid in case of a vaciunn. 

7. Determination of Uric Acid. 

A mc'tliod for tfie accurate determination of tliis constituent of urine 
has, up to the jirc.si'ut, not bct'ii foutnl; tliat is to say, althnugli good re¬ 
sults may he obtained with eliemicallv pr<‘pared pure uric acid, theVe is 
no certainty that the same 4‘orroctness will lie attained witli the urinary 
acid as si'jiarated in tin*! usuitl way. Tlie ditheulty is caused by the com¬ 
plicated e!iaraet(3r of the urine itself, and how(.w(*r neeurat<5 tin* process 
may be vvitli th<^ acid itself in a pure state, it liocunn*s far less reliable 
when such iin*thod is applied to normal or abnormal urine. The pre¬ 
cipitation of the acid in combination with sonn* metal, such as silver or 
copfxir, carries vfitJi it also the so-called allo.Mirie bases, and the separa- 



436 


ANALYSIS OF URINE. 


« 

tion by liydrochloric acid contaminates tlic precipitate with colouring 
and other matters whicli militate against its accurate determination with 
permanganate. 1 am, however, of the opinion tliat the latter method is, 
even now, one of tlie liost tor a vapid comiiarative de,t(.'rmination of tiiis 
constituent. 

Method of Pkoceduke : 200 c.c. of tlie urine aie put into an evajior- 
ating basin witli a few drops of concentrated hydrocliloric acid, and 
evaporated on tlie water-batli to about halt the volume; it is tlien .trans¬ 
ferred to a cioseiy-stoppered flask, together with any slight precipitate 
which may have formed, fi c.c. of concenti-ateil hydrocliloric acid are 
then added, and the mixture violently sliaken for a few minutes. It is 
then allowed do settle tor half an hour, and the lii|uid passed through a 
small Alter of smooth, hard texture, taking care to pass as little as pos¬ 
sible of the sediment on to the, filter. About 20 c.c. of cold water are then 
added to the precipitate iu the flask, wliicli is in turn passed through the 
inter. The filter is then also washed with about the same i|uantity of 
water ; la bole is then made at its aiiex, and the small ipiantity of adher¬ 
ing precipitate washed into the original flask. Finally, about 10 c.c. of 
concentrated solution of caustic potash (1 : ID) are added to the contents 
of the flask and slightly warmed until a clear solution is obtained. The 
mixture is then diluted with about 100 c.c. of cold water, 20 c.c of dilute 
sulphuric acid added (1 : !>), and the titration with R/io permangaiuile 
carried out in the usual manner. 

Another form the permanganate process is to precipitate the phos¬ 
phates from too c.c. of urine with sodium carbonate. The filtrate is 
mixed with 5 c.c. of a 4 per cent, solution of copper sulphate and 20 c.c. of 
a solution containing 10 per cent, each of Ibichelle salt and sodium thio¬ 
sulphate. The preeiiiitate so formed is filtered off and well washed with 
distilled water, then transferred to a flask with about 400 c.c. of water, 5 
e.c. of sulphuric acid added, and the uric acid titrated nitb perman¬ 
ganate. 

No absolute weight of uric aciil can he calculated from the results, 
but Mohr assumes that each c.c. of N/u, periuanganalo = 0-007.'i gin. of 
uric acid ; ‘ the process may, however, be made available for pathological 
purposes by comparing the resnlls from time to time with the urine from 
the same person. 

Thu following method has a good claim to aci'uracy as regards the 
actual uninuntof uric, acid present in any given spci'inicn of urine, but 
is tedious. It is based on the fact that an alkaline solution of uric acid 
rednees Fell ling solution in the same way as glucose. The met hod 
is worked out by K. It i e g 1 e i-,’ who found that an average of many ex- 
Iieriments gave 0-8 gm. of reduced copper for 1 gm. of uric acid. The 
acid is first separated from the urine as ammonium urate by Hopkins’s 
method 

Method of PitooEiiuRE : 200 c.c. of urind are mixed with 10 c.c. of a 
saturated solution of sodium carbonate, allowed to stand for half an hour, 

1 This figure has been verilieil by P. 0. Hopkins (Allen's C/innaIn/ «/ Urine. 
p, 171). 

a. U.,189e, 31. e 
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and filtere<l from the precipitated phosphates. The precipitates is waslied 
with 60 c.c. of hot wjUer, and to the filtrate and wash-water 20 e.c. of a 
saturated solution of animoninm chloride added. The litpiid is well 
stirred, and after 5 hours filtered, preferably through a Schleicher 
and Sell (ill filh^r, No. 507, 11 cm. The precipitate of ammonium 
urate is waslicd with 50 c.c. of water, and then introiluced by means of a 
jet from a washing-bottle into a 300 c.c. beaker. Siweral drops of potash 
arc lukhid to dear the li(|uid, tlion fiO c.c. of F (di I i n g’s sohithui, and 
tlio whole W(dl stirnMl. The beaker is then heated on win; gauze until 
the liquid boils, the boiling being eontinued for 5 minutes. When the 
precipitate JiasVubsided, the li(|iii(I is filtered through a small tough filter 
{S<; h 1 (‘i e h e r an<l Scliuil, No. 500, 0 em.), the pnvijutate well 
\vash(‘(l, and dissolved in 20 c.c. of nitric; acid (sp. gr. id), the filfcu* bcOng 
waslusl with ()0 c.c. of watc'r. 

To this solidioM dry powdenid sodium icarbonatc is added Jitlle by, 
little until there is a p(;rmnn<;nt turbiditv. The liquid is then ch'ared by 
the cautious addition of dilute sulphuric; ac[d, and made; up to»IOO c.c. 
25 c‘.c. of this an; placed in a KM) c.e. flask, I gm. of potassium iodicle in 
10 c‘.c. of watcT aclclcsd, allowed to stand for 10 mimites, then titrated 
with ht.-uidard thio^ulpllate solution (1 c‘.c. 0-002 gm. uric acid), using 

stan-h as the indicator. To the total amount of uric ac-id found in the 
200 c-.c-. c>f urine, a.n additional 0-020 gm. should be addcMl to allow for the 
sohil)ility of the ammonium urate in urine?. 

The; standard thiosulphate solution is made l)y diluiting 120'C.c, of 
solution to 5tM) e.c. Tlic' reaction is 

2Cu(N(),,).j + 4KT = Cii.jL + 4KNO;t + 

Tin; rcMhiccal cuprous oxide may also 1)C weighed directly or reduced to 
metallic copjxM', as in tin; detcii-mination of sugar. In the latter c-ase the 
amctunl. of coppc'r, multiplied by the; factor 1-2.5, gives the c?oi-rehponding 
amount of uric* acid. 

E. IT. Bartlccy^ points out with reason lliat the object for whi«li 
the determination of uric; ac.’id is generally made docs not reciuiie 
extreme a(-c*iir<ac?y. The; mo^t acceptable procc;ss ought to be one; wliich 
will give cjonsi:^tent results, and which can be; (|nickiy accoin|)lish<;d, and 
though not absolutely (‘xact is nevertheless c.-omparativeJy so. The method 
proposed by Bartl(;y is based to some extent upon prc'vious ones by 
Salkowski, Haycraft. etc;., that is to say, the urie acid is pre¬ 
cipitated from the urine by silver nitrate in the presence of an excess of 
ammonia(;al magiu;sia mixture'. 

Mkthot) of I^ROiJKDUBE: To 50 or KM) c.e. of the clear urine add 5 
C.C. of ordinary magnesia mixture such as is used for phosphate's, and 
about 10 c.c. of ammonia of sp. gr. O-fiO,—this must be in exc*ess. Warm 
the mixture; on the water-bath and add from a burette lifso silver nitrate 
until a drop of the filtrate’* when brought into contact with a drop of 
weak sodium sulphide; solution on a white plate shows a dark ring or 
cloud. The filtration can be carried out with Beale’s filter or a 
dropping pipette can be used, the end of which is tied over with cotton 
wool. The clear liquid only must be tested. Each c.c. of silver solution 

• >./. .4C. .S„ 1897, 649. 
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represents 0-0033() gni. of uric acid, and the number of (;.<*. used (less one 
half of a c.c. for (uich 50 c.e. of urine) wlien multiplied by this factor will 
give the amount of nr'n' arid in th<^ urine <*\amine(l The half c.c. is de¬ 
ducted because it takes that amount of silver solution t»> give the colour 
with 50 c.c. of plain water. 

As Rt>on as tin* pivx'css is roni])lele tin* precipitate settles freely, and it 
is advisable to a drop (d the eh'ar solution again. The eiuling <”in 
also be ehe<*ked by adding a dn)p of tin; silver to the clear supernatant 
liquid to see whetlnn* a rloialiness appears. 

There being no excess of silv<‘r in the hoi li(|ui<l at nny time there. 
<*an b(‘ no reduction of tin* silver. If after tiu' litndion ^s conq>!et-4' tlie 
mixture be atlowed lo cool tounlinarv bunpi'rature. it will be found that 
I to 3 e.e. nioH'sil\(*r will he r(*ijnir»‘il la give* the colour test, and this 
Bart ley attrihutes to the jw-ecipitation of xanthin l);is(>s by the silver 
in a eoi<l solution, wliii-h do('^ not tak<‘ pla,c(‘ when tin* solution is ln‘ated. 

.1. \V. TunuiclifT<‘ Mini <). It o s e n h e i in ' imhiisli a inethotl 
wlbn'li hiay he rapidly pi'rfonncd when onci* the uric acid is obtained as 
ammonium salt bv Ifojik i us’s process. Tin* crystals obtained by <!<*- 
composing the iirat<‘ with \U '\ are washed free from lln^ latter on a small 
filter with repeated small proportions of wati'r to remove all H(3, the, 
uric acid is then rinsed into a. Mask with 2()t)r oOc.c. of hot wal<‘r, through 
a hole made in tin* lilb'r, and is ready for titralion 

METtroi) OF I’kockdurf : This d(‘pcinU on the, fact that jiiperidine 
combines with uiie aeid in molecular proportions (4*25 gm. of base e(pial 
8*4 gm. of acid) to form a soluble salh A N/jo solnl ion of the former is 
prepared by ^lis^olvillg about 4‘2 gm. of piperidine in 1 litre of water, 
standanli/ing it on hydrochloric a<'i(l of (‘<|uival(‘nt strength, jibenolph- 
tliah'in b(‘ing used as irnlicator. The sanqih^ of uric a<‘id separated from 
ammonium urate as abo\a* (les<‘ribe(l is suspc'inled in water, Incited nearly 
to tlie iHuling-poiiit, an I tin* reagent run in; neutrality being shown 
(‘itherby the Ihpud becoming clear or by the use of phcnolphlliaJeni as 
Iicfoi'i'. Altliougli the solululity of the urate at 15" is 5'l> per cent., it is 
better to employ bol solutions; and there is no danger o| l(>siiig any 
pipmddine by volatilization, as (he r(‘aetlon is instantaneous. 

Dr. DdmuiMls smnls me the following n‘marks as lo the ileter- 
mination of uric acid. 

1. Chemical uric acid differ.-, entirely iu its habitudes from uriuarv uric afM. 

Its crystalline form is always umforni as chemical uric acid—colourless—and 
quite different from urinary uric acid, which, as got from urine, is always coloured 
yellow-brown, and is protean in its crystalhiie forms. . 

2. The problem of titrating chemical uric acid—or pure uric acid—is not quite 
the same as that of titrating the uric acid in urine. I am not yet able to say in 
what the difference consists, and 1 have often crystallized pure uric acid out of iron 
and other solutions, but have never been able to colour uric acid, nor to get it to 
crystallize again like urinary uric afdd. The only way in which T have succeeded 
is to add an alkaline solution of cliemical urate of potash to a urine out of which I 
had precipitated all its uric acid with HCl. In that way I found that the uric acid 
took up from the unne something which gave it the coloration and the protean 
crystalline form of urinary uric acid. I have thought that urinary uric acid is 

1 Pkyswl,, 1897, U, 134. 
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really a combination of chemical jiric acid with some animal base or coloratioiF 
of urine. 

8. To purify urinary.uric acid it should bo dissolved (and thrown out by dilu¬ 
tion) in HoSOj three aiiccoRsive times. In titrating this with permanganate 1 am 
^not prepared to give you the reaction, but the practical point is that, as the per¬ 
manganate goes in by drops, it is instantly decolorized as long as there is any uric 
acid present, and the end-point is marked quite distinctly (if you arc on the look 
out for it) by a certain hang or hesitation in the! decolorization of the perraan- 
ganatc^ 

4. Fokker’s process, as modified by Hopk i ns, is, T think, the best. The 
saturation with inae NK^Cl of an acid urine (which should bo freshly passed and 
filtoriid at 120'’) t^irows out all the uric acid as amiiionium urate. This is well set 
out 111 Allen’s Clienminj of page 1(58. Jhit much of tlie work does not aay 
wlietlier the processes have been worked out on the cliomic.al uric* acid or on the 
natural unc. lund, fn-shly obtained from iinnc. VVhnt we have to deal with m 
inedieiue is that coloini'd protean crystalline sid stance whicdi conies out constantly 
from iirmes on adding pun' strong IfOl and setting aside for 4K liours. That is • 
what we get m the urie a<-iil diathesis, in gout, and in calculi. 

For the determination of uric imid I set aside UX) e.e. of fresh urine, filtered at 
about 120" F., and acidify it witli T) percent, of pure strong bydroehloric acid. At 
the end of tK hour> a deposit of nric acid will he seen at tlie holtom of the tube, 
and from tins a very good idea is gamed of tlu' amount of uric a<-id iu the urine. 

Tf closer (]uantific,ation be wanti'd, the uric acid is collected on a small fine filter 
pa]>er, washed with a few centimetres of ice-cold distilled water, then dried and 
weighed, with doiliu^tion for the filter paper, and with atldition for the uric acid 
dissolved 111 the 10.5 cm-, of acid urinary mother liquor. The amount of uric acid 
contained in the 105 c.c. of liquid would depend upon the temjieratiire liofore and 
at the time of filtration. At 88" F. it would contain only some 2 mgm., at 68" F. 
it would i;ontaiii 6 mgui., at 212" F. it would contain 62-5 mgm. 


8. Determination of Lime and Mag;nesia. 

.Miri'iioii OF PuocFouuH: 100 c.c. of tlie uritu' ni'c precipitated with 
nintiionia, tlie pr(U‘i})it}ite re-dissolved in acetic acid, and sufficient am- 
inmiiuni oxjiJate aihlcd to precipitate all the liiin^ present as oxalate. The 
p?‘c<‘i]»itate is allowed to settle in a warm place, tlnm tlie clear liquid 
pass(‘d (hroiigh a small filter, tlie precipitate Oroiiglit upon it, washiai 
with hot water, tin* filtrate ami washings si't aside, then the precipitate, 
together with the filter, pushed through th(‘ funnel into a flask, some sul¬ 
phuric acid added, flic Injiiid freely diluted, and titrated with pormaii- 
gaiiJiti*, jireciKoly as on page IHO; caeli e.<*. of «/io pi'nnanganate required 
I’epri'sents 0‘()02H gm. of (kiO. 

Or tin* following metluHl may he. adopted : - 

Tile pn'cipitate of calcium o\alat(^ after being washi'd. is dried, and 
togi'tlier with tin* filter, ignited in a platinum or porcelain crueihle, by 
which moans it is converted into a mixture* of calcium oxide ami carbon¬ 
ate. It is then ti'ansferred to a Hask liy the aid of the washing-hottle, 
and an excess of H/j<, nitric acid d(‘livered in with a pipette. The amount 
of a<‘id, oviu' and above what is re(|uired to satumto tln^ linn*, is found by 
N/k, caustic alkali, each e.i^. of acid being equal to 0-0028 gm. of CaO. 

In <*xamining urinary sediment or calculi for calcium oxalate, it is 
first treated with caustic potash to remove uric acid and organic matter, 
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»then dissolved in sulphuric acid, freely diluted, and titrated with per¬ 
manganate ; each e.c. of ^/lo solution represents 0*0054 gni. of calcium 
oxalate. «' 

Magnesia.- The filtrate and washings from tlie pr(«'i{)itate of calcium 
oxalate are evaporat(Ml on the wator-hath to a small bulk, then made 
alkaline with ammonia, s«Klium phosphate added, and jost aside for 8 or 
10 hours in a cool place so that the magnesia, may scparabi as ammonio- 
magnesium phosj'hate. The supernaiant liquid is then passed through 
a small filter, the preeipitah^ brought upon it, waslu^l witii ammoniacal 
water in the cold, and dissolved in acetie acid, tlicn titrated with 
uranium solution, as on page 30ft; (wh c.c. of solution re(|^iinMl represents 
0*002815 gm. of magnesia. 

9. Ammonia. 

The method hitherto appliial to the d<'termination of fnM* ammonia, 
and its salts in nriiu! is tliat of S e h 1 it s i n g, which eonsists in jilacing 



a measured quantity of the urine, to which milk of lime is previously 
added, under an air-tight hidl-glass, together with an open vessel con¬ 
taining a measuretl quantity of standard acid. In the course of from 24 
to 36 hours all the ammonia will liavc passed out of the urim^ into the 
acid, which is then titrated with standard alkali to find the amount of 
ammonia absorbed. 

One great objection to this method is the length of time reipiired, 
since no heating must be allowed, urea evolving fn^o ammonia when 
heated with alkali. There is also the uncertainty as to the completion of 
the process; and if tlie vessel be opened before,the absoi ption is complete, 
the analysis is spoiled. 

Another method which gives good results, and occupies only a short 
time, has been devised by C. W u r s t e r.^ The apparatus necessary for 


* Centralblatt. J. Physidogie, Dec., 1887. 
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it ifi shown in fij?. 55. The firinciplo of the method is the same as' 
S c h 1 o s i n g ’ s, hut the liberation of ammonia is hastened i)y inctrease 
of temperature under /educed atmosplieric pressure. 

As is well-known, urea is deeom])osed when urine is boiled with 
eaufltie alkali oi'alkaline earth into ammonium carbonate*, but if the f)p(‘ra- 
tion is earruHl on at 50" C. juid in a partial vaeuum. practically no sucli 
decomposition occurs. In fact, a solution of artihcial ur(«i gives olT no 
anmmnin, even when evaporate*! nearly to flryin^ss with hariuiii, calcium, 
or magnesium l)y*lrate, in a va(aiiim at 50' C. Owing to the jmxUiction 
of much froth when urine is heated with baryta or lime under reduced 
pressure, one flfi^sk for distillation is not enough, although ih(! frothing 
may he rediu-cd to some extent by a<lding soiin^ high-boiling hydro-carbon 
such as paralTin or toluol ; hut a much sahu* plan is to use two flasks as 
shown 111 the figure, or by using only a small ipiantily of iiriin^ two good- 
sized boiling tubes will suffice. 'Phe kiiluig-Hask dips a small way into 
th<‘ water aii<l the scc(uid Mask rc'sts on the hotlom of the hath ; tla? tube 
with stop-<'ock i>r hundto clip, which simply <'nt<Ts ])ok>w the rut'ber 
stoppi'i* in this llask, allows air to enter when the operation is en(le*d so as 
to clear out (‘very trace of ammonia. The absorption luh(' containing 
standard acid must liavi' rather long side tubes, and llie whole must he 
imiiH'rsed in a beaker of (Y)ld water. The delivery (Uid of this lube is 
connoch'd with an ellicient water-pump, and of course all connections 
must he perfectly tight. 

MCTnoi) OF rinu EDURF: H) lo ‘iO c.c. of the urine with 10 lo 20 o.c. of 
saturated harium hydra,te or lime solution, with a little Vatcr, are jiiaced 
in the distilling flask, and the water-bath gradually heated up to 5(F C., 
ami the whole ajijmratus is eovore<l with a cloth to a\’oid regurgitation 
from cold air. When two-thirds of the distilling Ii<[uid have passed ov(5r, 
tlKMimmonia will have, all been absorbed by tin; standard acid, ami th(‘- 
valve or stop-eoek may bo opened while the pump is still working so as 
to clear away tlio last traces of vapour. 

The methoil can be use<l for liquids other than urim*. , 

The following method is available in some cases: - 

When a solution containing salts of ammonia is mixed with a 
measured ((uantity of free fixed alkali of known strengtli, and boiled until 
ammoiiiacal gas ceases to be evolved, it is found that the resulting liquid 
has lost so much of the free alkali as i:()r]‘(^sj)on(ls to tlie ammonia evolved 
(p. 75); that is to say, the acid which existed in combination with the 
ammonia in the original liquid has simply changed places, taking so 
much of the fix(‘d alkali (potasli or soda) as is equivalent to the ammonia 
it has displacMid. f<i the cas(‘ of ui’ine being treated in tliis W'ay, th(5 urea 
will also IxMh^composed into free ammonia, but happily in such a w^ay 
as not to interfere with the determination of tln^ original amount of 
ammoniacal salts. Th<^ decom[)osition is suoli that, while free ammonia 
is evolved from tin; splitting pp of the urea, carlKinate of fixed alkali (say 
ix)tash) is formed in the boiling Ii<iui(l, and, as this reacts as alkaline as 
though it were free {lotash, it does nob interfere in the slightest degree 
with the determination of the original ammonia. 

Methou of Procedure : 100 c.a of the urine arc exactly neutralized 
^ith w/jo soda or yotash, as for the determination of free acid; it is then 
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'■ put into a flMsk oa}>abl<‘ of lioldin^ five ai* six times the <jUHntity; 10 e.c. 
of normal alkali added, and the whole brougld to boiling, taking care that 
the abundant froth whieli is at first formed does not eonu* ovei*. After a 
few minutes this subsides, and the boiling proee(‘ds quietly. When all 
ammoniaeal tumes ar(‘ dissipated, tin; lani]) is removed, amt ttie flask 
allowed to eool slightly; the euntent.s then empfi(‘d into a beaker, and 
normal nitric seid delivered in from tlie buredte witli constant stirring, 
until a fineglas; rod or small feather iUpp(!d in the mixture and brought 
in contact with viohd-^-olonnsl litmus paper ])j'o<hic(!s neither alilue nor 
a nsl sj)Ot. Th(‘ numbei’ of <*.c. of normal acid are (i(‘<luct(‘<l from the 
10 e.c. of alkali, and tlH‘ r(‘^l caleulated as ammonia., 1 c.e. uf normal 
alkali -- 0'017 gm, of ammonia. 

rt must Ite home in miod tliat tlie ])laii pist di-scribed is not a,p]ili- 
eahle to nrim* which lias*ah'eady snllei’cd <l(‘c<Mn}H>sitii>n l»y ag(‘ or other 
eircnnistanei's so as to contain ammoninni carhiniati*; in tliis ease it 
woul<l l>e piH'Ic'rable to adopt the W n r s i e r or Sell ! T) n i n g nndliod. 

10. Determination of Kree Acid. 

'Pile acidity <il normal urine is doubtli'ss due to vamnis siihslances, 
among tin* most prominent of wliicfi a])]H‘ai‘ to l)e acid wslnim ]>linspluiie 
(XalloI’O,) and lactic acni. Other frei' organic aci<i^ art^ pid)>al)ly in 
many caso present. In th<‘«^e circnmsfaiici's, tin* degree of acidity can¬ 
not ho placi'd to tin,' ai-coimt of any particular body; in'vertIndess, it is 
frequently desirfilile to asei'rtain its amount, which is host done as 
follows : — 

KMjc.e. (tf urine are measured into a beaker, and N/j^ alkali delivered 
in from a small linri'tfe, niitil a thin glass rod or feather, nioistein'd with 
the mixture ainl streakoit across some well-pre|iared violet litmus paper, 
proiliici's no c'liaiigi* of (•(iloiir ; the (U‘gre<‘ of a<‘i(lil\ is then r('gisteri*d as 
being eipial to tin* (jnaiitity of alkali used. 

, .\ccnrato results ar<! obtained by the method of G anti e r, in which 
the urine is made alkaline by standard caustic soda in known quantity, 
amt the phosjdiatcs and other .salts pr<*cipitatod by nculral barium 
chloride. The liquid is nnnh' u)) to a di'llnitc volume witli distilled 
wati'i’, and when si'lth'd an uliijuoj portimi is titrated with stainlan! aciit 
and phcnoljihtlialein. 


II. Determination of Albumen. 

The accurate deicrmmation of this snhstaneo is diflicnlt and trouble¬ 
some. Tlie best process is pindiaps that recomriu'iidiMl by M o h n. 

Mktiiod of Pkockpurk : 100 e.c. of tlie urim* arc slightly acidified 
with acetic airid, 2 (m-. of strong nitric acid are added and th<3 mixture 
thoroughly agitated. 10 e.c. of a mixtnre of crystallized carbolic acid 
1 part, acetic acid 1 i».irt, and alcoliol 2 jiarts are then a<l<led, and the 
whole W(‘li stirri'd fora, few minutes, Tlie precipitate is cojleet(;d on a 
small filter ami washed with a cold aqueous solution of 4 per cent, of 
carbolic acid; when fully washed tlie filter is dried, and together with 
the paper the procipitato is treated by the K j e 1 d a h | process, and the 
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nitrogon obtairuMl is inultipli^fl by 6-3 for albumen. TIh^ pn'senee of' 
sugar or much salino matter docs not alTcct tlui accuracy of result'^. 


12. Determination of Soda and Potash. 

50 <•.('. of uritK! <\\v mixed with tin' same ({iinntiry of barvta solution, 
allowed to stfUid a sliort time, jmuI filtered ; then 80 c.i-. ( - 40 c.c. urine) 
measuivd irOo a phitiimm dish and (wajnr.iti'd to dryings in the wahu*- 
batli ; th(‘ r(‘sidue is ttn*n ignile<l to (hxstroy all org.anic mattei’, and when 
cold dissolve<l in a small (juantitv of h'd water, ammonium carbonate 
addl'd so long asa. precinitati* is prixiucf'd. lilt.ered through ;i snnll filti'i’, 
the prej'ipita.tt'w.ished, the filtrate acidified with hv<iroch!onc acid ami 
evaporati'd to dryness, then caiifitaislv heated to <‘\p(d all ammoniacal 
salts. 'I’Ik' residue is then tn'ati'd with a little w,tier and a few drops 
isieli of ammonia and ammonium i:arb!iii!i,le, lilfei'ed, the filter thoroughly 
washed, tin' liltrate and wasldugs recc'ivcd info a. tar('<l platinum dish, • 
then ('va)iorafed fo drvncss. ignited, cooled, and weiglied. 

liv this meaii'' the total am.'iint of mi<ed sodiimi and i)ol*a.ssium 
chlorides is olitaim'd. 'I’lie proportion of (‘aeli is haind l>\ titrating lor 
the ehlorim* as on page 147. and ealeiilating as dire<'ted on pagelaO, or 
the soda mav I'c d('termined direct bv 1'' i' n I, o n ’ s im'tliod (p. (to). 

13. Determination of Total Nitrogen. 

This can now lie easily nci‘omplish('d by KjeldaMil’s method (p* 
85) and is espi'eiaJly serviet'alilc, sinei^ it lias Ix'i'ii found that tlu^ ri'sults 
of file titration nii'thod for urea l>v l;ie big’s proi-cs^, ('ither in its 
original way or by siil'si'tpient modifications, cannot giv»' tiie true ilata 
for ealeiilating tin' tota,l nitrogen in any given siieciinen of nrim'. 

Mktiiop oi' Pinx'KPUi.’K: 5 e.c. of urine of aver.ige eorn'i'iitration are 
measured into a flask liolding about 3(M> c.i-., togetln'r witli 10 e.e. of 
snl])liiirie acnl, then gra,dually lu'ated to boiling, ami tin* lieat eonfimicd 
until all vajMinr and gases ar<' given off and tin' fluid jiossi'ssi's a clear 
yellow tint. 25 To 30 miimles generally siilHee unless sugar is jiresi'iit in 
tolerable (pianlity. in which case* mercuric (*\id(' and ]>otassium sulphate 
must be usi'd, and perhaps more sulpluirii- acid. ’I'hc Mask is then 
sufferi'd f(> cool, tlie li<|nid diluted, and distilled with caustic so<la and 
zinc as deserilx'd on pagi' 8!). 



PART VTIL 

ANALYSIS OF NATURAL WATERS AND SEWAOE. 

Thk analysis of natural watorii and se\vag<( has frurli an early period 
received the aUentioii of elunnists, hut for loiij^ no methods of examina¬ 
tion were produced which could be said to satisfy the demamis of those 
interested in the subject from various points <if view. 1’he reseandies of 
Kran kland and Arms t rone Miller, Wan k ly n, Ti dy, 0rookes, 
Dewar, Thresh,and others, linve, liowevcu', now tuouf^ht the whole 
subject- into a more sati^fac^lory form, sotliat it may fairly tie said that, as 
regards aceura<'y of cluuTucal proceshcs or interpretation of results from a 
chemical and sanitary point of view, very little aitditioii is re(|uire(I. 
Considerable space will Ixi ilevoted to the matter here; and as most of 
■dhe processes are now volumetric, and admit of ready and a(x_-urate 
results, the general sub]e(.-t naturally falls within tlie scope of this work. 
Care lias been taken to nmdor the treatment of tlie matter practical and 
trustworthy. ♦ 

Tlie bacteriological examination of waters has now lieen largely de¬ 
veloped and undoubtedly is of the greatest importance, especially with 
the filtere<l waters derived from rivers, lakes, and other sources liable to 
be contaminated with unoxidix(;d surface or di’aiiiiige impurities. This 
t)ook has, however, nothing to describe l>ut idiemical methods, and there¬ 
fore no further mention of bacterial invi'stigation will be made. 

■ THE ANALYTICAL PROCESSES. 

The various determinations, etc., nxjuired in the analysis of samples of 
water, sewage, and sewage etlluents will be dealt with in the following 
order 

1. Collection of samples (p. 445). 

2. Preliminary observations (p. 446). 

lx Microscopical examination of deposit (p. 440). 

4. The detorniinalion of total solids (p. 447). 

5. ,, ,, suspended matter (p. 448): 

0. ,, ,, ehlorine (p. 449). 

,, ,, nitrogen as nitrates and nitrites 

7. (i) by C r u m ’ s method (p. 449). 

8. (ii) by. the aluminium method 

(p. 451). 

9. (iii) by the copper-zinc couple 

(p. 452). 

10. (iv) by the phenol-sulphonic acid 

method (p. 464). 
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The determination of nitrogen as nitrite:— 

11. (i) by metaphenylone - diamine 

' (p. 455). 

12. (ii) by the G r i es s -11 o s v a y 

nietliod (p. 450). 

13. (lii) by pot. iodide and starch 

(p. 457). 

14. ^ ,, ,, hardness, by soap (p. 457). 

15. ,, ,, hardness, by titration (p. 450). 

10. ., „ permanenthar<lness{]^feiferand Wartha) 

• (p. 400). 

17. niimn’al constiuients and metals (p. 400). 

18. „ ,, o\ygen absorbed (p. 402). 

10. ,, free and albujuinoid ammonia (p. 405). 

20 . ,, ,, organic nitrog(M (Kj e 1 (1 a h I) (p. 407). 

,, dissolv(*(l oxygen in waters and sewage 
(diluents: 

21. (i) Kosc’oe ami hunt's method 

(p. my 

22. (ii) T h r(‘sh ’ s method (p. 475). 

2;t. (iii) W i n k I e r' s method (p. 480). 

24. Method of recording results (p. 483). 

25. Standards for sewage elllnonts (p. 484). 

20. Preparation of reagents (p. 480). 

27. Characteristics of waters derived from various geological forma¬ 

tions f[), 400). 

28. Interpretation ilie results of analysis (p. 401). 

Tabic of analyses of various waters (after p. 408). 

Note.—A ll tables loqnirod in water analysis will be found at the end of the 

book. 

For the determination of organic carbon and nitrogen, see JOih edition 
p. 440. 

I. Collection of Samples.— Tlui points to bo eonsiderod undm- this 
h(>ad are, tlie vi^ssel to be usi^d, tlie ipiantity of water re(|uired, and tlie 
method of ensuring a truly ropreseutativo sample. 

Stoneware botth^s siionld be avoided, as they arc apt to affect the 
liardness of the water, and are more ditficult to clean than glass. Stoppered 
glass bottles sliould lie used if juissihle; thosi* known as “Winchester 
Quarts,” which hold about two and a half litres (^acli, are very convenient 
and easy to procure. One of these will contain sutlicicnt for the general 
analysis of sewage*and largely polluted rivers, two for well waters and 
ordinary rivers and stnmms, and three for lakes and mountain springs. 
If a more detailed analysis is reiiuired, of coiirso a larger ipiantity must 
be taken. 

If corks must be used, they should be neu\ and well washed with the 
water at the time of collection. 

In collecting from a well, river, or tank, plunge tlie bottle itself, if 
possible, below the surfae(5; but if an internuHliate vessel must be used, 
see that it is thoroughly clean and well rinsed witli the water, Avohl 
the surface watef and also any deposit at the bottom. 
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If the sample is taken from a pump or tap, take eare to let the water 
w’hich has h(^eri standing? in the pump or pipe runoff before collecting, 
then allow the stream to how directly into the botPie. If it is to represent 
a town wabu’-fupply, take it from the service pipe communicatingdirectly 
with the stn’ct main, and not from ;u“istcrn. 

In every ease, lirst fill the bottle with the water, thus ex¬ 

pelling all gases and vajKMirH, empty it again, rinse once or twiec earefully 
witii water, and then fill it nearly to tlm sto])))er, and tic down tjghtly. 

At the time <)f eolleetion noh^ the source of the sample, whether from 
a deep or shallow well, a riv«M' or spring, and also its loeal name, so that 
it may 1)0 clearly identith'd. , 

If it is from a well, as<-ertain tlie nature of the soil, subsoil, and 
watm’-bearing stratum ; tlie depth and diameter of the well, its distanee 
from rndgliboLiring c<‘sspools. drains, or other sources of pollution; 
whether it passes thnaigli ^?ii imjiervious stratum before (‘iitering the 
water-bearing stratum, and if so, wdiether tlie si<les of the well al)Ove this 
an*, or are not, water-tight. 

If the sample is from a*river, ascerlnin th(‘ <listane(‘ fi-om tlie source 
to the point of eolleetion; wdiotlior any |)oilution takes j)lac<! above that 
point, and tlie geological nature of the distrh-t through which it Hows. 

If it is from a spring, take note of the stratum from which it issues. 

2. Preliminary Observations, in order to (msure uniformit>, tlie 
bottle should invariably bi* well sliaken bid'on' taking out a portion of tlie 
sample for any mirp<ise. The cebjar should l)e ol)served througli a two- 
foot tube with piate glass (-iids haif-filled with the sjinipio, placed in a 
horizontal position, and a well-illuminated white surfa<'e observed through 
it. It is well to compare it with distilled water in a similar vessel. 
The Utnic and >i(hiur are most easily deterted when the water is Iieated to 
SOMolJS a 

llefore commencing the quantitative analy.-'is it is necessary to deeido 
whidher tin; wab'r shall he filtered or not before analysis. Tliis must 
depend on the purpose tor which the examination is iinderlakim. As a 
general rule, it th<’ suspemled matter is to defiM'iniiied, llie water 
should ht! filtered before the determinal ion of nitrogen as aininonia, and 
total solid residin’; if otlierwise it should mendy he sliakmi tip. if the 
suspended matter is not determined, the appearance of the water, as to 
whether it is clear or turliid, should be noted. 

Water deriv<*(| from a newdy sunk well, or one vvltiidi lias been 
rendered turbid by the introduction of innoctioiis mineral matter from 
some temporary and exceptional cause, should he tillered, but the sus¬ 
pended matter in sin-li <-as<‘s nee<l not usually detctfmined. 

3. Microscopical Examination of Deposit, 'i'lio most eonvimicnt plan 
of eolleeting the deposit is to p[a<‘e a eireular mieroseopical covering 
glass at the bottom of a large conical glass holding about 20 oz. The 
glass should have no spout, and should ground smooth on the top. 
After shaking uji the samjile, this vessel is tilled with the w'ater, covered 
with a plate of ground gla^s, and set aside to settle. After settling, the 
supernatant water is drawn olf l>y a tine si|)hon, and the glass bearing tlie 
dejKisit lifted out, cither by means of a platinum wire (vvliieh should have 
been previously passed under it), or in some other convenient way, and 
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inverted on to m ordinniy niirroseopieal slide for examination. It is 
dcsiralihi to examine tlM‘ deposit first by a ^th and tlum ly a 'jlh objective. 
The e.xamiuation should be made as ^oon as the \val<;r has stood over- 
nifjht. If the vvaiiT be al]o\\e<l to stand lon^nu', organisms peculiar to 
sta},Miant water may be de.velojKul and mislead tlie obsejver. rarticular 
notice should b«‘ taken of bact(!ria, infusoria, <*iliata or fiaj'ellata, disinbs 
grated lilmisof cotton or linen, or epithelial debris. 

It is^ i)artienlarly desirable to n‘port clearly on this microscopical 
examination; not mendy giving tlie giuieral fact that organisms were 
present, but stating as spindfically as possible tlu^ names or classc's of the 
organisms, so th^t more data may be oblaine<l for the application of the 
examination of this d(‘posit to the eharnet(‘rs i)f potable waters. 

It is also d('sirabl<‘ to examine tli(‘ r(‘sidue left on a glass slide by the 
evaporation of a single droji of the water. This le^ldlle isgem'rally most 
eonv(‘ni»mtly oxamim'<l wilhoiit a, eovmangglass. Tin* special a)>pearanees 
to be. notii-ed an* the pri'smiecMir absimce of [larticles of mganie mattcu’, 
or organized siriietun*, confaimMl in the crystallized baan-; vvliieh may 
b<‘s(‘en: and also wlietber any part of the residue left, (‘spi'cially at the 
e<{ges, IS Initial mori' or l«'ss with green, hrown, or yellow. 

4. Determination of Total Solid Matter.- Tliisisdom* hy I'vaporat- 
ing a known <|naiility of the water to dryness in a weiglied platinum <lish 
oil tiic wat(‘r-bath. When the residue is not re<[iiired for any subsciiuent 
deiermination, 2r>0 c.e. an‘ generally taken; but wlieii, as is often the 
<aise, the rosiilui' is to ln‘ used for the deterniiiiation of iiitrie and nitrous 
iiilrugeii hy (! ru m ’s nuUhod, the amounts usually taken are as follows : 
- -For water sui)piies and river water—500 e.c. ami shallow well-waters— 
250 c.e. 

The sample usial should he liltered or unlilten*d aeeording to the de¬ 
cision made in that n'spect at the eommeiieenieiif of the analysis. 

For sewage and etllue.nts take 100 c.e. 

It is desirable to support the platinum «lish during eva))oratinn in a 
glass ring wilii a llaiigi', shaped )ik<’the to]) ol a bi'aker, th(‘ cylimlrieid 
part being about 20 mm. deep. This is dropped into the metal ring on 
the wati'i'-lmtli, and thus lines the metal uilh ghms. and koi'ps the <lisli 
eli'an. .\ glass disc with a hob; in it to reetdvi* tin* ilisli is not sa.tisfaetory, 
a,s dro))s of water conveying solid matter find their way across the under 
surfai'e fiaini tlie metal ves.s(d to tlie disli, and thus soil it. As soon as the 
evaporatum Is eompleb^, the disli with tluMVsidue is removed, its miter 
surfaci* wi)M‘d dry with a clotli, and it is dried in a water or steam oven 
for about ;{hours. It is then rmnoved to a desiccator, allowed to cool, 
weiglied as rajiidly as possihb*, returned to the ovmi, and weighed at 
intervals of an liour, until hetween two successive weighings it has lost 
less than 0-001 gm. 

With respect to the temperature at which the solid matter .should be 
dried [irevious to weighing, 4 t should bo borne in mind that (’uSO,, 2HsjO 
when dried at 100" leaves the liydrHt(3 2 CaS 04 , II.jO and a temperature of 
2(Xr to 250" is required to e.xpci the remaining water; also that MgS 04 , 
THyO loses (i molecules of water at 120^ to 1110", tlie seveutl\ at 200° to 
230". The Committee aptniintcd by the Society of Public Analysts 
(see Analyst, 1H411, 6, 137), recoiunicnded the drying of solids at 220" F. 
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' (104-4'^ C.). l)r. R i U e a I ( ^f^ater and its" Furijimtion) recommends 120®. 
Prof. Stillman {Engimering Chemistry) advises 105°. Dr. Fowler 
{Sewage ICorks Analysis) dries the solids from seVages and effluents at 
100° to 110°, and Dr. McGowan at 110°. Sonic analysts dry solids at 
KKP. Hence the necessity for analysts always to state on water and 
scwajfe C(‘rtifieat(is the temperature at which the solids have been dried. 

If the residing is ru)t wanted for any other jiurpose, tlie dish should ho 
j^radually h(;nte<l to redness and note made of any chanj^es th^it may 
take place, especially smell, scintillation, slight darkening or blackening, 
and partial fusion. The ignit(Kl residue may he t(;sted for the presence 
of phosphoric acid. , 

5 , Determination of Suspended Matter. - Filters of Swedish paper, 
about 110 nim. in diameter, are packed one inside another, about 15 (»r 
20 togetlier, so that water will pass through the whole group, moistened 
with dilute hydrochloric aei(T wasluid with hot distilled water until the 
wa.shings cease to contain cliTorine, and dried. The nsh of tlie paper is 
thus reduc(*d by about 60 per cent., and must he determined for each 
parcel of filter-paper by iircinorating 10 filters, and weighing the asJi.^ 
For use in determining suspended matter, tliesc washed filters Inu^t be 
dried for several hours at 100” 0. ora so!eete<l higlier temperature (s(*e 
infra), ami each one tlien weighed at intervals of an hour until the 
weight ceases to diminish, or at least until the loss of weight Ixdaveen 
two consecutive weighings does not exceed O'OOOIl gni. It is most con¬ 
venient to encloses the filter during weighing in a weigliitig bottle or in 
two short tubes, fitting closely one into the other. Tlie (dosed ends of 
test tubes, 50 mm. long, cut off liy hiadiug a ermtk round with the aid of 
a pastille or very small gas jet, tlie sharp edges being afterwards fused at 
the blow-pipe, answer perfectly. Eacli pair of tubes should have a dis¬ 
tinctive numl) 0 r, which is marked witli a diamond on both tubes. In 
the air bath they should rest in griwwos formed by a folded sheet of 
pap(U‘, tlie tubes being drawn apart, and the filtcu- almost, but not quite, 
opt of the smalhu’ tube. T'hey can tlnui lie shut up whilst hot by gently 
pushing the tubes together, being guidixl by tlie grooved paper. TIu'y 
require to remain about 20 ininut(!s in a desiccator to cool before 
weighing. Filtration will bo inuoli accelerated if the filters be riblicd 
before drying. As a general ruh^, it will he sufficicuit to filter a <[uarter 
of a litre of a sewage, half a litre of a highly polluted river, and a litre 
of a less jKtllnted water; hut this must lx; frequently varied t(. suit in¬ 
dividual eases. Wlien all has passed through, tin; Hask sliould l»e r'lised 
out with distilled water, and the rinsings added to tlie filter. Thus any 
particles of solid matter left in the flask are secured, aM<l tin; li((uid ad- 
liering to tin; suspended matter and filter is displaced. 'I’lie filtrate 
from the washings should not be added to the previous filtrate, which 
may be employed for determination of total solid matter, chlorine, 
hardness, etc. , 

Thus washed, tlie filter containing the susjiended matter is dried at 
10(1° 0. Some analysts, however, prefer to dry at 10.5°, 110”, or even 120°, 
but in all cases the temperature should be specified. Wlien drying at 


Ashless filter-papers can also be purchased. « 
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any fpmpnrakiro fibove KKr, the filtor should be transferred to Hie same 
pair of tubes in whicli it was previously w<d^h(*(l and dried to constant 
wei^jht. The weiglitihus obtain<‘d, minus that of tubes and filter, f,dvos 
the widi^lit of the total snspimilcd matter flriod at t!ie temperature 
selected. 

To aseertain tlio quantity of mineral matter in this, the (liter vvitli 
its confents is ineinerat(?d in a platinum crucible, and the total ash thus 
(h'ternvned, minus (he ash of the filter alone, gives the weight of the 
mineral suspended matter. 

6. Determination of Combined Chlorine.— To 50 c.e. of (he water in 
a pon-elnin <lis]»or glass flask add two tir thnui drops of solution of potas¬ 
sium cliromate (C. ii), so as to give it a faint tinge of yellow, and a(M 
gradually from a Inirette standard solution of silver nitrate (C, i), until 
the red silver elimmate which forms after each ad<Iition of tlie nitrate 
censes to (lisnppear on stiiTing or shaking. Tlie, number of r.e. of silver ^ 
solution iisor] will give the, ehlorine present as clilorido in parts per 
100,000. If this amount he mueh more than 10, it is advisaliio fo, tak(‘ a 
smaller quantity of wati'r. 

Wliere great aeeurnev is di'-^ired llm d<‘tortuination is rc'peaied, run¬ 
ning in the silvm* solution grndunlly to within f e.e. of the first reading 
au'l tlnm drop by drop, u^ing an e<gual volume of the. waller siiuilaiiy 
tinled willi ehromaf(* as a eoritroi, if desired. Tt is ahsolntelv neeessnrv 
that theli<|ni<l exnmined should not be a(‘id, exeept witli carbonic aeid, 
nor more tlinn \<*rv slightly alkaline. Tt must also be cijlonrless, or nearly 
so These conditions nre geuernllv found in waters, but, if not, fln'V 
tnav be brought about in most east's t)V n'tidi'ring tiui liqui>l iust alkaline 
with lime waterffrec' from ehltirinc). pa^^ing earlrmic aiihvdrMe losatu- 
ration. boiling. n.nd (illering. The ealeinin earhonate has a powerful 
clarifying aetion. and the excess of alkali is exaellv n<'utralize(i by the 
carbonic anhvdride. It this is not sucee.'.sFiil, the water must l>e 
pendi'i’ed alkaline, evaporabul to drvness, and the residue gently floated 
to desti'ov organie matter. 'L’lie chhiridt's may then bo extracted witti 
water, an*! determined in llu' ordinarv way either gravimetriiaally or 
voluinetrieallv. 

7. Determination of Nitrogen as Nitrates and Nitrites (Ornm’s 
method).—This metliod is appli<‘ahln in the presence of very large 
quantilh^s eitlu'i* of organi<‘ matic'r or of chlorides (e.g. sea wab'r). Kor 
waters generally the metluxl is held in higli esb'cm by many chemists. 
Nitrogen as nitrates and nilrilos in watercimtaining ex^-essive <|uantities 
of organie matter and chlorides maybe dotermined by S eli 1 r> s i ng's 
method (sei' p. baking KM) to 500 e.<‘. of ilio sanqile and <‘oneentrating 
to about 50 c.e. 

For Orum’s process the total solid residue, in aplatinnm or glass 
dish, obtained as in (4) may be used. This is repeatedly treated with a 
very sma.ll <(iiantity of liot distilled water, whh'ii is brought into thorough 
coutaet with tlie residue by il('tai‘)iing the latter ivith a small glass rod 
rrovered with a piece of india-rubber. The aqueous extracts, whicli in all 
sliould not exceed about 10 c.c., are passed tlii’ough a small filter and 
collected in a little beaker. This is tlien evaporated over a steam-bath 
until redueod ((/about 1 c.c. 

29 
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This concentrated solution is intixKluced into the gl.'iss tulK) shown in 
fi}f. 56, fitandin^r in the porcelain niei*cury trough, filled up to the stop¬ 
cock witli morenvy. (If the nitroiucter of Lunge is used in place of 
Crum’s tube, the use of the laboratory tiil )0 and gas apparatus is 
avoided.) The tube is 210 rum. in total huigtb and 15 inm. in internal 
diameter. Ify pouring the lii^uid into tbe cup at the top, and then 
(•autiously opening the stojwock, it may be run into tlie tube without 
adnjitting any air. The beaker is rinsed once with a very littJe hot 
dislillod water, and then two or three times with strong sulphuric acid 
(B. i), the volume of acid l>eing to that of tlie a<|ueou8 solution at>out as 
6 : 2 The t(dal volume of acid and water should bo abmi' 0 <•.(!. Should 
any air by dipnco Im 5 aclmitt(Hl at this stage, it may readily be removcjd 
by suction, the lips being applie<l to the cup. With care there 
is blit little danger of getting acid into tbe mouth. 

Tn a few eas<‘s carhimic^ anhydride is giv(m off on addii ion of 
sulphuric acid, and must be sucke«l out befon^ proceeiling. 

Now grasp the tube firmly in the haiul, closing Ihe open 
end by the thumb, which should Ix^ first moisteiuMl; withdraw 
it from the trough, incline it at an angle of about 45", the cup 
l>oiuting from you, and shake it Inuskly with a rapid motion in 
the direidiun of its length, so as to throw the merimry up towards 
the stop-coek. After a very little pnudice tluuv, is no danger of 
llu; aci<l finding its way ilown to the thumb, the mixture of acid 
iind niewury being (“onliiux! a comparatively small portion of 
the tube. Jn a few seconds some of tie' nuu-cury bi‘comcs v(‘ry 
liiuOy <livided ; and it nitrates be present, in about a ininulo or 
less nitrie (>\i<)o is evolved, exerting a strong pressure on tbe 
thumb. Mercury is alloweil to escai)e as the reaction proceeds, 
by partially, but not wholly, relaxing the iirossure of tbe tbuml). 
A slight e\i-ess of pressun‘ should bp maintained within the 
tube to prmont enlranee of air during tbe agitation, which 
must be continued until no more gas is evolved. 

When the quantity of nitrate is viu'y largo, the mercury, 
on shaking, breaks iij) into irn^gular musses, which adhiu-e to 
Fig. 50. another as if alloyed with lead or tin, and the whole forms 
a stiff (lark-coloured paste, which it is sometimes very dilllcult 
to shake ; Imt nitric oxide is not evolved for a considoralile *ime, then 
comes otl slowly, and afterwards witli very great rajiidity. To have room 
for the gas evolved, tlie operator siiouid endeavour to shake the tube so 
as to employ as little as possible of the contained mercuiyin the reac¬ 
tion. At the close of the operation the finely-divided mercury will consist 
for the most part of minute spheres, tlie alloyed apjiearanoe being entirely 
gone. An experiment with a large quantity of nitrate may often be saved 
from loss by firmly resisting the escape of mercury, shaking until it is 
judged by the appearance of the contents of ihe tube that the reaction is 
complete, and then on restoring the tube to the mercury trough, allow¬ 
ing the finely-divided mercury also to escape in part. If the gas evolved 
be not more than the tube will hold, and there bo no odour of nitric per¬ 
oxide from ihe escaped finely-divided mercury, the operation may be 
considered successful. If the amount of nitrate ho too large, a smaller 
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qiiaiitity of the water must'be evaporated an<l i\u' operation repi*at(fl. 
Wlion no nitrate is present, the mercury usually nuinife>ts very litlie 
tendency to become divided, that which does so remains l>right, and the 
a<!id liquid does not l)Oeome so turbid as in otlnu* eases. 

Tlie reaction completed, tin; tu))e is taken up closed by the llinmb, 
ami the gas is det^anted into (he laboratory vessel, and nu'asnred in tin* 
usual way in tlio gas apparatus. 'J'lie nitrie aeid tube is of such a length 
that when tiie eup is in conla<*t with the end ot (lie nuu’eury trough (lie 
open end is just under tlio centre of tlie laboratory vessed. If any aeid 
has been expelled from the tube at tln^ close of tlK' shaking operation, 
the end of tluf tube and tlie tliiimtj shouM be wa>>lied with water Ixd’ore 
inirodueing into the mercury (rough of the gas ap]taratus,,sn as to r(‘move 
any acid which may be adhering, which would (li‘slroy the wood ot tlie 
trough. Ihifore passing the gas into the measuring tube of (luigasaj)- 
paratus, a little mereury should lie allowaal to run into tin* laboralorv 
vessel to remove the acM from the luitranee to the capillary tube. 

As nitrie oxide <-ontains half its volume of nitrogen, it half y. litre of 
water has been employed, the volume of nitric oxi.le obtaiiUMl will he 
equal to the volume of nifnxjen javseiit as nitrates and nitrit<'s in one 
litre of tlie water, and thet weight of the nitrogcMi may he <-a.lcuIat<Ml in 
the usual way, with the aid of tables I and ‘2, at the en<l of thi^ b )ok. 

When nion^ than 0-08 part of nil r<)g<‘n asaiiimonia pr(‘s(>nt in lOO.OiH) 
parts of liqunl, th(a*e is danger of loss of nilrog<Mt 1)V decomposition of 
aimucuiinm nitrite on eva]ioration ; and thereloiv' tye residue fi'om (he 
iletermination of total solnl matter cannot hi' ux' I. In such e.i'^es acidil'v 
a fresli (jiiantity of the liquid witli <lilufe siilplmne ai-n*. add solution ot 
potassium j) 0 rmanganate, a little at a Iinie, until i Ik* pink eolonr remains 
for about a minute, and r<‘n<ler (lie liquid jiisi alkaline to litmus jiaper 
with sodium carbonate. The nitriti's |)resent will then la* eonviMbal into 
nitrates ami may be eviyiorated without fear of lo^s. Us(‘ hith* of each 
reagent as [Hissihle. 

A Hen’ advocat«‘d the use ot Lunge’s nil ronieter in place ol (I r n i^i ’s 
tube and, to obvia,te tlu^ dillieiilty in Heading the \o|iime of ga,s wliieli 
sometimes M.rises on ar<'ount of the mereiirial Itolh, In* u>ed Uvo nilro- 
metm's side by side. In tlies»* he worked, under identical etaiditions. the* 
wate.r-resiilue and a standani solution ol potassium iiitrale n‘sp(‘eiiv(‘ly. 

A simple calculation then gives the amount of nitrogen required. A 11 c n 
stated tliat it is not necessary to make a tivst, exjx'nment each time, as, 
provuh'd the nitrometer tapis tight, tlie standard measure of gas obtained 
from the nitre solution may 1 k^ kept for an indelinile jieriod. (For list of 
Nitrogen Oonvei^ion Faetois, set* 800). 

8 . Determination of Nitrogen as Nitrates and Nitrites in Waters' 
containing a very large quantity of Soluble Matter, with but little 
Ammonia or Organic Nitrogen (The Aluminium Method). As already 
stated (see 7, p. 440) ScIi Ms i n g’s method (p. 2!)I) is ajijilicabie for this 
determination. 

In eases where the nitrogenous orgaiiui matter jnx'si'iit is low the 
nitrogen as nitrates and nitrites may generally hi* dcti'rmined by the 


1880 , 3 , 181 . 
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followaiifi luoililit^aiinn nf Schnlze.’s mc-flioil doviM'.il l>v K. T. Cli:ip- 
man. To 200 <\c. of llio wator ad'l 10 <•.<•. of sodium liydraio si)luiion 
(B. v), and l)oil laasklv in an open })ofcolain dish until it is reilucoil to 
a.l)out 70 r.(*. VVlioii colrl pour Hio r»‘sidno into a tall ^la.ss (‘vlindcr 
of a,bout 120 (■.(•. capn-ily, and rinse the dish with water fiee from 
ammonia. Add a pieee. of aluminium toil of about lo s»|. eentim. ai’oa, 
loading; it with a ] iece of cicNin ^lass rod to ke('p it troin floatinjt. (lose 
the mouth of tiu* liu<lor with a cork, luairinoa small tub(‘ tilh'd with 
pumiee (B. VI), moistcuH'd with hvdroidiiiwie aeid free from ammonia, 
(B.vii). 

lly<ti'oj;(‘n will sp^aslilv be yutm oil from the surfaee of t’n' aluminium, 
and in a or 0,hours the wiiole of the lutroifen as mtr.-iti's anil nitrites 
will be: eoii\ert(Ml into ammonia, 'rransfer to a "in ill retort tlie <-onlents 
of the <'vlin<ler, too'etber with the pnmiei', wa'biin: the whole appara,tns 
with a litth' water fn'e from ammonia. ami detin'inine the 

ammonia in the u-ual wav with Nessler's solution. It appears im¬ 
possible.wlioily to i^xelnde ammonia from the reaj'ents and ap)):ir;i.tns, 
and tlierefore some blank (ixpenmenis should be mad»' jo ascertain tlie 
correction to be applii'd for this. ’I'lii" correction is very small, .-iiid 
appears lo b«‘ neaiiv constanl. 

9. Determination of Nitrates as Ammonia by the Copper»zinc 
Couple. -This useful imdhod is founded on Ihe obM.wvalioii" of (ilad- 
stone and Tribe, the appiicatiiui of the eo])p('r-y.ine eoiipl<- to the 
delennin.alion of ivtrie acid in waters h:i\in;i been sn^fj^eslisi bv M. W, 
Williams.* who also worked out llu* practical del.-ii!" of tlie proeiv-s. 
Nitrate.' ;ire tliU" reihin'd., lir-l, lo nitriles, liniill) to ;immonia. wliieh is 
then ilcU'rmiiK'd. 

Preparation of the Copper-zinc Couple. - A piece of ci('an /.inc m tin' 
form of foil or \ cry til in si n'et..about 0 v 2 incbe-., i" inli'tuliaaal into a bottle 
and eo\)‘red with a solution of <-o]ipersnlp!i!ile. < oiVamin;;.almut d pei-cent, 
of the ervstalli/.ed s.alt. Tbi" is ailow'eil to'land -dor 4 minutes are usually 
snl^ieienl—t ill a copious, liniily adliereni coat ini^of 1 thick copper lias been 
deposited. The solution should then be poured oil’, and I be <-opper-/inc 
eoujde "o obtained wa'lied witli ili'lilled w.aler, wliiui it i" ready for iism 
The deposition of eojiper should net be enrrieil too fa,r. or the eoppm’ will 
bi' so easily detaelialile that tlie eiiiipli' e.annoi hi* waslied wiiliout inipaii’- 
in^' its act ivity. The copper solut ion may be used se\ era I 1 lines. 

Mltiiod or Piairmmia:: IM.ice the eopjier-ziiic ronple in a wide 
moullied stoppered boltii' and fill up with distilled water, lliea pour olf 
and wash with som(> of ilie water to be anaUsed. Then lill Ibe bottle 
with a further tjuantity of the w.der. add a litll<‘ sail ^ahmil (l-l eni. to 
every 100 (‘.c.), insmi 1 he stopjter and kei'p the Itot tli‘ in a warm ])la<-e for 
a few’ hours or oveniiehl. (Ireater speed, iinaia-ompanie.d bv any loss, is 
gunned Ity raisin^ llie l(‘mp(‘rafure to dO’- -dS". Williams prosed tln^ 
value of sodium chloride (also of cavboiiie *aeid) in aecelera,tine ilie 
reaedion. but Dr. (t. M<-(Jowan- sta,les Hint “Tin'addition of sodium 
('bloridi*. to aceideralo tin* action of Ibe cuiiple, is alisoliitely neei^s^ary: if 
it bi5 omilbMl, tli(‘ li^mre obiaini'd for nitrate in a well-nitrab'd etlliK'iit, 

^.be'b/s/, I.'i.Sl, 6 , dG. -lliipei't 01, AiiJib''is .it aiiif Ktihieiits. 
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will filinoj't cei'la.iiily In* Iod low”. In tli(‘ nf (•al<‘ar(‘<Jiis watcis. 
same liastoiiiii}^ ('flccf. ina.\'iK^ohtainad, aii<l tlin linuial tlio ^anlO IniK* 
may lie reni')\u<l, hjj additi”' a very lillle pnr<‘ uvalie acid to the water 
Ixdore di<>estin^Mt iipnti llie couple. Williams liavinj^ prove<l tiial nitrous 
acid always reniained in tiu'f'oliitinn until the n'dndion was ctanplete, 
the (-(iniiilei ion of the read ion may lie asemlained hv testinj^ for fraei's of 
nitrons aeid. 'I’his is done ly a.ddin" to a portion ot the solution I e.e. of 
melaphenyli‘ne-diamin<‘ rea;’<‘nl (B, viii) and aeidifvino with siilphnrie 
U'-id. * A \elliiw eoloralion is pr<iduei‘(l m ahout )ial)-an-hoiir if the least- 
trace of a- nitrite is pres(‘iil. When no ml roll" a-enl is loin id, t lu‘ walm' is 
polin'.1 oti (he couple into a stojipered hoIlN', ami, if turbid, alli)\\<‘d to 
siihsid". A Jifi'asured portion of I he <-Iear ln|iiid is then tran"ferre<l to a 
N e s s I (> r j;las,", diluted il nee<s^ary with ainiiionia-fn'e walVr, N e s s 1 e r ’ s 
rea;ii’iit addl'd, and the ammonia. pn'M'til delcrmined in the usual way. 

This pi'oeehs jiia_\ Ix' u^ed forihe iii.ioritv of ordlliaiV waters, loir 
those lhal eoloiin'd. and iIiom' llial eont.'iin maenesiimi or other siih.^ 
"laiii-es Millirieiil to interfere with the N e s s 11; r I'eaL'eiit, a. [lortaoii ot 
the ilnid poured oil ihi' couple should !»' put itilo a small retort,iid <lis- 
tilled with a. little piiie hnie or sodium <'a.rboiiate, and (he lifraiioii of (lie 
ammonia perlorim'd upon the dislillaies. 

Ahold om' sipia.re decimetre of zinc shoiii<l In* used for e\erv-IM> e.e. 
ot a water eotifrumne o |)'i.i‘ts or less of nifrie arid in lou,uuu. A larj^er 
prtpoitioii should be ii"ed w'ltli w'aters rielier in ndrab'". The eoiiple. 
a,Iter wasbin:;, mav be ii"('d for two or lliree water" iiion'. When eiliier 
I'a 1 boiiic in' o\al ic or a ii\ oi lim’ a<-id lias Iteeii ailded ti^ I lie w'al I'r, a. lar^mr 
piopoi 1 loll of Veksler reaymil >lionld lie emplo\-cd in titraliti” it than 
It IS U"iial to add. :> e «•. |o 1 (k) ot the water a,re sidlieient in almost all 
eases. 

H I n n I ' points <iiil t liat (be a.bovepn)C{>ss may be ii-ed wit bout ilistilla- 
I loii. and with aecnraev. in the ease of any wa.ter, bv a,ddin,a: oxalic aeid to 
a double uiiantity of tlieVamph'. divi<lin^^ and u."in” one portion (elarifieil 
eojiipleteh' ])y siil.iSKh'iiei.' ill a eloselv sfoppi'i'ed liolih') as a compari.son 
lilpud till- tes(iii<.- against the other, whieli ha.s been treated with fhe 
eoppcr-ziiic eoiij)i{>. When dilnfion is us(‘d it must, l>o ilone in both 
portions eiptally. This plan po,-sesses llie ad\anta'.tes that an O'pial • 
liirlndif) is produced bv Xessh'r in both ]ioriions, and anvtraecs of 
a,mmoiiia eonlained in the o\alie ai'i<l will ba\e the error due to it 
correct ed. 

Trof. I*. F ra n k I a n il - carrier out the process a.s follows — 

A slopperi’d bottle (about 200 e.e. capa.<'ily) is loosely (ilh'd willi strips 
of ziiie, w'liieli, at'Ic'r eleamne witli dilute sulplmrie aeid, are i-ovi'rod w'ltli 
coppi'r sulphate solution (1 [ler <M'nt.}. Tin' eopper-eoaled sf rips arc re- 
pi atediv waslied with distilh'd waier, and linally with tlie wnt<*r under ox- 
aminalion, care bi'inj; taken not to detach the eo[Hier film. The bottle is 
then eom[t|<‘fely fiih'il with (he sample of water and a i-rys(al of oxalic acid 
IS uddeil, and the bottle, loosely sloi>j)ered, is allowed to staml overnight. 

A detinite volume is withdrawn by means of a pipette, and this is 
distilh'd with a suitable voluiiu' of aminonia-freo water in tlic ammonia 

’ Aiuilii-^l, 6, 202. “Si'i/ TIioi'jift’H I>i<l of .[iqihi'J v., 7tT 
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af.par!itiis as usual, a small ijuautity of ijj;nited so<iium carbonate bein^ 
addl'd. Before withdrawini' iiie water frojn the Ixittle for distillation, a 
small quantity should he tested for nitrite to ensure ^hat the reduction to 
ammonia is <‘omj)lctc. Water eontainin,i( frei^ or saline ammonia must 
have this distiileil oft hefon^ being plm-ed in contact with the copper-zinc 
couple. 

Calculation of Results. -In caleulating the amount of nitric acid con¬ 
tained in a wati'i’ from the amount of ammonia obtained in this process, 
di'dnetions must of course b(' made for any ammonia pre-existing isi the 
wat(*i\ as wi'll as for that derived from any nitrous acid present. 

Colorimetric Methods for Nitrates and Nitrift^s. 

10. PhenoU'Sulphonic Acid Method (Sp re nge 1).-— This method is 
aiiplicahle chielly to warms containing only small jiroportions of nitrates; 
nitrites an* not ailcctcd hy it. ‘The solutions reijuireal are- - 
' (1) Standard Bota'-sium Nitrab^-•Dissolve ()-722gm. of pure potassium 

nitrate in a hir*' of water. Then dilute 50 (•.('. of this solution to 500 c.e. 
with wa'eT to make the working standard, of whicli lOe.c. are usually 
taken for each dcti'nninaiion 

10 e.c. ODOOl gm. nitric nitrogen, or I part of N in. 100,(KX) of water 
wlien 10 c.c. arc evaporated. 

(2) r)icnoI-Snlt)honic Acid. -Mix togctlnu’ 2 parts by measnro of 
phenol and 5 parts of pun* <*oncentraTed sulphnric acid, and heat in a 
[>i)rcolain liasin on llie walcr-l»a,th for uhoiit, 0 iHiiirs. When cool, ad<l 
l.J volumes of wafer and 1 volume strong hydrocliloric acid to eaeli 
volume of th(^ plichol-sulphonir acid. 

Convenient qiianlitic's arc HO e.c. phenol, 200 c.c. 420 c.c. 

water and 140 <'.c. IKyl, producing 840 c.c. <4' a light brown solution, 
which is ready lor immediate use. 

(8) 10 per cent, ammonia (I vol. -880 -f 2 vois. water); or ]K)tasli solu¬ 
tion, made t>y dissolving tktO gm. of stick potasti (()r2:kl gm. of caustic 
sfnla) in 1 litre of wati'r. 

According to (Jhamot and Pratt the phenol-suljihonic acid con¬ 
tains phenol—2 ; 4-disiilphonic acid, together witli small ([uantitios of 
» p—])henol-snlphoni<- acid. 

.Method or PaoorDUUE ; 10 c.c. of the water under examination and 
10 c.c. of the standard potassium nitrate are i>ipettcd into two small 
beakers and placed near lh(( edge of a hot plate. When nearly ovajioratcd 
they iivo rmn<w('.<( to flu; top of the water-oven and left there till they are 
ovafiorated to comjilede dryness. As this ojieration usually takes about 
an iionr and a iiaif, it is letter, wlum time is an object, to evaporate to 
dryness in a platinum disli over steam. The residue in each case is 
then treatiid with 1 c.c. of the phcnol-sulphonic acid, aiul the beakers are 
plaiHid on the top of llie water-oven. If the water under examination 
contain a large quantity of nitrates the Pquid speedily assumes a red 
colour, which, in a goo<l water, will not appear for about 10 minutes. 
After standing for 15 minutes the beakers are removed, the contents 
of each waslied out suticcssively into a 100 c.c. measuring glass, a slight 
excess (about 15 c.c.) of 0-% ammonia or caustic alkali adiled, the 100 c.c. 
made up by the addition of water, and the yellow liquid transferred to a 
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Ne s s J 0 r fjlass. The nio?‘o strongly I'olnurod li«|uid is tlieii partly transs 
ferrod to the measuring glass again and the tints compared a second 
time. In this way tlio tints are adjusted, and when, as far as possible, 
matched, the liquid that has been partially removed is made up to the lUO 

o. c. mark with water, and, after well mixing, finally compared. Tf not 
exactly th<^ same, a new rujuid can at once Ix! mad(5 u[t, ]>roha))ly of 
oxa(dly the same tint, as the first experiment gives very nearly the 
number of c.c., of the one equivalent to tiie 100 e.e. of tlni other. A. E. 
Johnson inliis vciry useful Anulijut’a Lnhoraionj ('umpaninti (5t}i ed. 

p. 92) has given a table for obtaining tlie nitrogen in parts per 100,000, 
and also in grains pm* gallon, by this method. 

In the ease^if very gcHxl waters, 20, 5f), or nuuA c.c. should he evapo¬ 
rated to a small bulk, rinsed into a small ixsiker, and evaporated to dry¬ 
ness an<l trealed as alxwe—only 0 c.c. of the standard pt>tassium nitrate 
(= 0'5 N in 100,000) being taken. In the '-ase of veiy had uatm's, 10 e.e. 
should bo pqxdted into a KM) e.e. measuring flask and mad«‘ up to the^ 
mark with distilled water, tlnui 10 c.c. of tlie well ini\<‘<l liquid {= I c.c, 
(irigiua! watrn*) witlidrawn and trealed as abpv(‘. • 

In all cas(^s where tlie nitric nitrogen exceeds 1*5 parts per 100,000, 
it is nec(‘ssa.ry to ma,ke a second determination, u-'ing such a volume of 
the wat(‘r as to giv«5 a colour very nearlv equal lo that of the standard. 

Tills molhod is ina))|>licablo in the pivscnci* ol 1 hiocyaiiales. 

It has for along time been thought tliat tlie yellow colour produced as de* 
S'-iilied aliovo was duo to tlio proserux? of trinitrojilieno^ or picvio acid, but 
(J ha mot and i*ralt‘ have i-^o ated the yellow coni pound and found it to 
consist of trj[«.>Lassium G'-nitroiilionol—2: t—disnlphonate N().^ (SUtK),j. 

OK, lilf,;0 (wlicro jxitash i.s added instead of aininonia) They found tliat picnc 
acid IS not formed except in minute tiaccs, 

Afcording to A. II. G i 11'^ this process does not give the nitrogen piosent a.s 
nitrite, smee nitrosoplienol CgU^ (NO) (OH) is formed and tins is colourless in 
dilute solutions. • 

This method is not affected by the presence of chlorides.' 

II. Determination of Nitrites by Oriess’s Method. —100 c.c. of 
tiio water arc placed in a N c s s 1 c r glass, ainl I c.i*. cai-h of nictaphcny- , 
Icnc-diamino C„ll/N I l.j).j, and dilute acid (B. i\) added. If colour is 
rapidly pixKluccd the water must be diluted wilh distilled water free 
from Ny().„ and other trials made. The dilution is sufficient when 
colour is plainly soon at the end of one minuto. The weak point of the 
process is that the colour is firogressively developed; liowever, this is of 
little consequence if the comparison witli standard nitrite is made under 
the same conditions of temperature, dilution, and duration of experiment. 
Twenty minutes is a sufficient time for allowing the colours to develop 
before final comparison. It is statoil that one part of nitrous acid in ten 
millions of water ('an easily bo detected by this reaction. 

M, VV. W i 11 i a m s * obViates the uncertainty of the comparison tests 
by using colourloss Nossler tubes, 30 inm. wide and 200 mm. long, 


1 J. A. V. K, 11109, 31, 922, and 1910, 32, 630. 
1910,38, 81. 


3./. N. t'. A, 1895, 14, 71. 
</inA,1881, 8. 38. 



45G 


WATEll ANALYSIS. 


^'I'iiduaictl iiilo milliinuiroK. They arc used as follows: A rougli com¬ 
parison "f the wn,ter to ho CKaiuiiicd with the staiulard nitrite is first 
made; the glasses are then filkul to tiie same lieight, and the reagent 
added, and alheved to stand a few minutes. I'sually oiu^ wdl be some¬ 
what det'per in <-oloui' Ilian llie other. The lieiglit ol the more deeply 
eoloiiriMl iu|uid is read otl on tlu' scale, aiul a jiortion rmnoved witli a 
pijM'tle, until tlie colours eiuTOspond. The ainomil of N.Oj in th<^ 
sliurtoiietl eolunie. is lakeii as (‘(pial to tlie ofln'r, wlien a simple ealeuta- 
tion will show I he amount sought. Stokes’s eolonmeti'i is usid’ul lor 
this purpose. 

13 . Determination of Nitrites by the 0 r iess -1 i o sv ay iVlethod. 

--Tliis metliod, originally dcvistMl by (iriess, has be<;A imiiroved by 
Jlosvay, wIao iniroduiaal tlii! usc of aecUic aeid instead of a niineiMl 
acid; the colour so pnKlui-ed is more mbmse ami more ra.[)idl\ devidopisl. 
The test depends on the formatuui of a pink a/>o-<ly(‘ bv the action of 
. nitrous acid on a mixture of najihthylamme and sulplmnihe acid. The 
following solutions are required . - 

(1) d gram of sullthauiliv acid ;t!flUjNir.jS()|l!) is dissolved, witli tlie 
aitl of lieal, in U‘7 gm. ol glacial ac<;lic acid mixed with an equal liulk 
of water. 'I'lieii Jiioi-.' water is addesl gradually to I he warimal iKpiid, with 
coiistaut stirring, till ixc. liavc bcmi used altog<‘t)ier. 

(2) 0‘2 gin. of (i-naphtliylamiiie Ik) dis>ol\ed, with tlie aid 

of heat, in 14-7 gm. ot glacial acetic mad mixed with twice its luilk of 
water ; Ihen more water js added until 1)25 c.c. have liecn usedattogelhev. 

Those two Solutions arc kept separately nmi when mi\(‘d m oipial 
volumes lorin the (J r i e s s -11 o s v a y solution, which should I'e imuh^ 
only when required, 'i'lie laltiT on keeping lends to become pink, owing 
to the dev(dopment ol nitrile in the solution from aniinoiiia m the air; 
it is not allecled l»y light. 

This lest IS almost loo delicate to be used 'luautilalively, but it may 
be dune as lollows- '• 

• 5 c.c. of htaudaid mlriLc soluLioii ^1 c.c. — U 01 uigiii. arc mixed with 

45 c.c. of pure distilled walci in a Ncsslcr glas", utid J, c.c. of the (iricss- 
11 osV ay solubiou added. 

* In a similar N e s s 1 c r glass 00 <‘.c. of the watei tu ho examined are plav'ed 
and 2 c.u. of the mixed .solutions aildcd. 

Both are allowed to stand for 15 minutes bek^ro the pinkcoloum arc compared, 
ihen the comparison is made as described in the mctaplicnyleiio-diamine method 
(11). 

I'or tlie dulermination of nilrous nitrogen in sulphuric acid a standard 
solution is jirepared as follows : 

0'049:l gui. of puie sodium nitrite, \vliich contains 0*01 gm, of N, is dissolved 
in 100 c.e. of water, and 10 c.c. of this solution is added drop by drop to UO c.c. 
of pure Siulpliurie acid; 1 c.c. of the resulting mixture contains O’Ol mgin. of 
nitrous nitrogen in a perfectly stable form. Two N c s s 1 e r glasses are used, and 
each receives 1 c.c. of the standard solution, 40 c.c. of water, and about 5 gm. of 
solid sodium acetate. To one of these is tiddcd i c.c. of the standard solution and 
to tlie other 1 c.c. of the acid to be tested, thou both are well mixed, and after 10 
minutes the colours compared. If they do not corre8|X)nd, the more strongly 
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coloiued liquid is diluted up to the point where the colour coiresponds aud tlic 
poicoiilage of nitrous iiiti-ogou is eiflculatcd from tlie amount of dilution. 

13. Determinatloii of Nitrites by Potassium Iodide and Starch. 

Kkin^ lias pointml out that this woll-kiiown tot will give the Idiio 
colour witii nitrous acid in a few minutes, when the pniportion is oik* 
part in ion millions; m 12 hours whon ono part in ahuinlrcd millions; 
and in 48 hours wlicn one in a thousaml millions, EKperhmcc has proveil 
that waters eharginl with much organic matter must ho elariliod liy tli<^ 
addition of a little pure alum, tlion well agitated and lillered hefore 
testing. 

K k in used aeotie aoid for aoiilifying the water to be testml, and 
blank expenim^nts with pure water were siimil(aneou>ly carried on. 
Snlpiiurie or liydfoeblorii^ a,e,id will, no doubt, give a .:^lia»[ier reaction, 
but both tbeS(‘acids are more liable to contain impuririi‘>« alhicting llic 
reaction than is the case* with pure aceth- reid. Owing to the inslability 
of alkali iodides, zinc lodnh*, which is not open to tins olqi'ction, is 
now generally used. 

14. Determination of Hardness. -The Collowing - method, di'vise.d 
by Dr. T li o m a s (J 1 a r k, of Aberdeen, is in geneial iise. It serves to 
iiM'asnri^ more particularly the soap-dostro)mg powm- nf waters and its 
indieat loiis are most uselnl. The I(‘sfc ri'ipiires to be oandully performI'd 
and should never be done in a linrry, especially in the ease ot magin'siaii 
waters. Both the staiidar<lization of the soa[» solution and the (hderim- 
nation of tlus hardness of a water should be canaed init strictly according 
to the lollovviiig directions. Before comimMicing thi' <let)'rmination, 
however, tln^ total solid mattoi' present in a water shouhl be weiglied as 
it gives a u^'eful a/>i>nt.i:i‘iiiih>. iihai ')f how much to iim* for llie so;ip test. 
Altliough nn i'ul(‘ ciui be given, the total hardness, in many waters is 
about hall the total solids, and the saiu[)ie may be so diluied, if ^el•('^^ary, 
as to l)iing it within the limit mentioned below, '^lnl^, if a water 
contains aO grains of solifis per gallon take 25 <*.<■. for hardness. 

Measure 5U e.c. of (lie water, or, if lu'ccssarv, a less quantity (usually 
25 or Id c.e., together with 25 or 40 c.<^ of rei-enfly boded and cooli^d 
distilhid water; into a well-stopt"‘rcd liotile <»f about 250 e.e. c.-qiacity, 
shake briskly for a few seconds, and suck the air from the bottle by 
means of a glass lnb<‘, in ordm- to rcmovi' any carbon dioxide whieli 
may have Ix'en liberated from the wat(‘r. Tlicn run in trom a burette 
standard soap solution (D li), 1 e.e. at a limear first and about O il e.c. 
towards the end of the oiieration, shaking vigorously ;i.fter each addition, 
until a lather is obtaiiuMl, whiidi, when the hnUle is laid at rest on its 
sid(‘, remains por#;istcnt for 5 minutes. Waters containing much mag¬ 
nesium salts give a false lather after the addition of only a few c c. of 
soap solution ; this, however, ilisappear.-; entirely on allowing the bottle 
to ri^main forseviiral minutes on its side after an lixtra vigoi'ous shaking. 
Such waters must always ^e so diluted that not more than 7 c.c. of the 
soap solution are re(|uired to proilnce a permanent lather. Jn other cases 
the addition of soap solution may 1)0 continued until not more than 

‘ PluoM. Tivna., 18S1,2H6 

for tlig determiiiiitioii of luirdnoss of waters by titr.vtion, see ji. ir>9. 
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16 c.c. are re(|niroil to [n’otluco a i)orinanent lather, whlcli in all eases is 
'attaine<l when, on rollinj^ the bottle Inrlf-way round after 5 minutes’ 
standing, the lather still covers the whole surface without breaking. 
The burettii is then roa<l and the liarduess ascertarned from Table 7, the 
results being multiplied by 2 or 5 when 25 or 10 c.e. of the water, diluted 
to 50 C.C., have lf(*eu used. 

It is very important to note that even when the hardness of a water 
is approximatclv known, or when makinga duplicate determination, the 
soap solution must always be added a. c.c. (or less) at a time, with shaking 
after each addition, and never in large quantities. 

Wlum water containing calcium and magnesium carbonates, held in 
solution by carbonit* aci<i, is lioiled, carbonii- anhydride is exjielled, and 
the «‘arbonatcs p/'ecipitated. The hardness due to these is said to be 
tonporarii, wtiilst tliat due to calcium and mngnesium sulphates, 
chlorides, etc., ami to the amount of their carbonates soluble in pure 
water, is calh'd 

Water free from carbon dioxide dissolves about 3 parts of calcium car¬ 
bonate or about 3 parts of magnesium carbonate imt lUdjlKM) (but not both 
simultaneously to this exteht), tlie solubility of both being increased by 
the chlorides, nitrates and sulphates of the alkalis, ami lowered by the 
carbonates of the alkalis, and l)y the (dilorides. nitrates ami suljdiates of 
the alkulim^ earths. Cavazzi found that the maximum quantity of 
calcium carbonate dissolved by j)rolonged agitation (not loss than 10 
hours') in I hire of water saturated with CO.^ ami k(*pt’in contact with 
COa at atmospheri^; pressure is ] -56 gm. of calciLim carbonate at O'" C and 
M752 gm at 15°. 

Wat<u-s containing sodium carbomite possess no permanent hardness. 

To determine iM’rnunuitt ha)>1 ness, a known volume of tlu^ water (say 
100 c.e.) is boiled gently for half an hour iu a flask, the mouth of which 
is frcelv open. The level of tlu; water shouhl b(Muarke<l by an ink oc 
blue pencil mark on the flask, Jind liot water ad^ed from time to time to 
make up the loss by evaporation. At the en<l of lialf an liour, close the 
fl%sk with a glass marble ami cool to ordinary temperature, then make 
up to the original volume by addition of ixM-ently boiled and cooled ilistilled 
water, fitbu’ through a dry filter, and determine the hardness in the 
liltrate. The hardness thus fouml, deductml from that of tlu' unboiled 
water, will give the temf/oranj hardness. 

Teed stales that calcium salts require Ij and magnesium salts 1^ 
times the e(|uivalent of soap for the production of a permanent lather. 
This statement is sii{)[»orted hy Helen Masters and H. Ij. Smith,^ 
who used a solution of sodium oleate: they also state -that potassium 
myristato makes a stabh^ soap solution and gives accurate results with 
calcium and magnesium salts occurring either alone or together. Potas¬ 
sium palmitate solution, they add, deposits an acid soap and is, therefore, 
unsuitable for this purpose. 

According to Prof. H. .Tai^kson :'^‘*Hvery gallon of pure water 
requires about 10 grains of ordinary soap before a lather can be pro* 

»./. O'. .S', 1913, 103, 992. 

(.'aiitor Lectures on Detergents an<l Bleiicliing Agonts used in Laundry Work, 1907. 
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(iueed, and oacli (le;;rco of hardness will neoessitato tho addition of 
another <}uanlity of Id ^jrains <ff soap 

In Gcnnany each doj^rce of liardness indicates one part of CaO in 
100,000 of water, magnesium salts being reckone<i at their equivalent 
value in CaO. 

In Fran<*e degrees of lianhiess indi(;ate parts by weight of calc.ium 
cari) 0 UHte in 100,(X)0 parts of water. 

Hence 1 English degree = 0'8 Gerinan degree 
. „ „ = 1*40 French degrees 

MgO X MJO . CaO. 

IS. Determination of Hardness by Titration (Hehner’s method). 
—W«^ are indeXtod, ])rinui.rily to Moll r, and subsequently to H ehner, 
for an ingenious method of determining both the temp(>rary and per¬ 
manent hardness ol a water without the use of soap solution. 

The standard solutions re<iuired sodium earbonah* and «ul- 

[)huri(', aeid. Eaeh e.c. of standard acid exactly iiouirali/os I mgm of 
CnCO.t and each (*.c. of tlie alkali prcciiiitates the like amount of CaCO.{, 
or its e((uivalent in magnesium salts, in any gueii water. ^ 

Mktiiou ok Pkockdork : 100 e.c, of the water are tinted with an in¬ 
dicator of suitable, chameter, lieate<l nearly to boiling, and standard acid 
cautiously a<ld(‘d until the proper clniiige of colour oecnrs. Heliner 
|■ccotllmen^ls pliouaceiolin; but my own exi'MU’i merit s give the preference to 
laemoid, wliicli is alsor-omuunidrsl by T lio m son. 1) ra per' points out 
the value of lacnnud and carminit*. acid for such a process, ami I fully 
endorse his opinion with r’ospect io both indicatois. ^ 

If metliyl orange be usc<l, the. titration may l>e mad<‘ in the cold, this 
imiicatof not Ixung altcicted hy CtK 

If the most accurale results are d(‘sired, any of the indieators should 
he submitted to a Irlaiik (‘xiieriment Iry taking a measured volume of it 
with hX) e.e. of distilh'd water, and finding liow nuicli of tlie acid is 
re(iuir‘od to remove tlR\colour; the quantity of acid so found should 
then be d<Mlueted from all readings before eouverting them into caleium 
earlmnate. > 

'rh(‘ nuinl)(‘r of e.c. of acid used represents the temporary liardnoss 
in parts p(‘r l(M),fKK). 'I’o olitain “degrees of haniness,” multiply the 
number of e.e. by 0'7. Tlie permanent hardness is ascertained by taking 
100 e.e. of the water and adding to it a rather large known excess of the 
standard sodium carlionatt^ The (juaniily must (d e.onrsc be regulated 
by the amount of sulphates, clilorides, or nitrates of calcium and mag¬ 
nesium present in the water; as a rule, a volume e<|ual to that of the 
water will more than suffice. Evaporate in a platinum <lish to dryness 
(glass or porcelain will not do, as they aflect th(‘ hardness), then extract 
the soluble portion with small iiuantities of distilled water, pass through 
a very small liiter, and titrate the filtrate with the standard aci<l for the 
excess of soilium carbonate: the difference represents the permanent 
hardness. • 

Some waters contain alkali carbonates, in which case there is of 
course no pennanent hardness, because the salts to wliich this is due are 
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dcconiposiHl by ih*' alkali carboiiale. In exanuniiijja water of this kind, 
‘the temporary hartliu^ss will be shown to be ^jreater than ii really is, 
owing to llie. alkali carbonate; and tlu; ex[)erjinent for permanent 
hardness will show more sodium carbonate than was actually added. 
If the difb'rcncc! so found is (h'diicti'd from Ibe tomjjorary liardin^ss, at 
first noted, the romainder will Im* the true timiporary hardm'ss. 

16. Determination of Permanent Hardness (Tfe i f (m- and Wart b ai. 

—Hebner’s method for tin* (bdtn'ininalion of ))ei’manenl bardiu'ss is 
fairly satisfactinw when tliis is doe lo tiu' [iresenci* of lime salt's only ; 
but in the friMpient casi's in which magn(“>iiim salts are also pn^sent, 
tli(' modifieation ot f e i f (> r and Wa r t li a ' should be adopted. Tins 
is carri(*d out as follows; • 

200 e.c. of the s;unple are imsisure*! out and transferred to a por<-elain 
(InIi, 20 <-.c. of N ^‘a( >H amt 2o e.c. of N sodimn carbonate solution are 
a<Med, and the mixture boilo^i till t he voIhhk; is retluee<l to about 150 e.c. 
ni :i0() e.c. .1 n a flask may b(^ used msL'ad of a. por<a‘lain <lisli if dc‘sire<i). 
(Joitl, Lranster to a 200 e.c. imaisurin;; Mask, ami make up to llie mark 
with water. Mix thoroughly, ami pour on to a dry filter, rejecting Hie 
first 20 e.c. or so (lo avoid tfie iiiterforenee due to any slight acidity or 
alkalinity of the filter jtaper). IMjiette 100 e.c. of the fillratt; into a 
beaker a.ml titrati* with N -void, using imMlixi orange as indicator. 
Instead of filtering, ;h(‘ procitntatcd bases may he allowed to settle and 
100 c.<-. of tli(‘ ch'ar soponuilant Ii'iiiid pipi'lled off. The (hilerem-e he- 
tween the luimber of c.e. of acid r('i|nired and 25 corrcsjxmds to Hk; 
amount of alkali# mMiiralized hv the acids of the salts to wliich the 
permanent hanlness is due. Ilenci this mimher miilti|)liiM| hv i-005 x 
1000 ) 5 gives permanent hardness in jiarts per HM),000. 

Kor information on the softening of wafers for Ixahu' Use se(‘ 
A rc li ii u 11 am! I) e e I e y, ./. .S'. ^IKOI. 10, 511, and II K IM-ocler, 
ilini, 1904, 23 , 8 . See also V. A. Ander-on, ./ N. f. /., 1915, 34 , 1180. 

17. Mineral Constituents and Metals.- -TIie'-inantitKxs ol the follow¬ 
ing substances w Inch may he present in a sam|)le of water an' subji'ct to 
sT.eh great variations that no definite diri^ctions can In* given as to the 
volume of water to he used. 'I'lii! analyst must jndgt^ in each ease from 
a preliminary experinu'iit wliat will he a coinmiii'iil ((iiantity to tak<'. 

Sulphuric Acid. —Acidify a lifri' or h'ss of the water with liydro- 
chlorie acid, eoncentrati'il on the water-bath to about 100 I'.e. and while 
still hot add a slight e\<-ess of barium chlori<l(‘. Filti'r, wcisn, ignite, 
and wi'igh as haniini suli)liatc, or d(9ermiti<‘ volium'trically, as on 
j). XIO. 

Sulphuretted Hydrogen.— Tiiraie witli a stamlard ^solution of iodine, 
as on p. 085. 

Phosphoric Acid. —This substance may he d(‘termined in the solid 
residue obtained by evaporation, by moistening it w'itli nitru; acid, and 
again drying to render silica insoluble; the residue is again treated 
with dilute nitric acid, tilterod, niolyhdic si^iiiion addeil, and set aside 
for 12 hours in a warm place ; filter, dissolve the |*ro(;ipitate in 2^ per 
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cent iiinnioni;i, procipiUio wiHi niaj^no^iia mixture, and wci^li as 
nesium pyrophosphate, or del»‘rmin(‘ volunudricailv as on p. U07 et sotp 

Another method tti add to 500 c.e, of tlie sanipl(‘ about lOc.c. of 
'Solution of aiiini, tlicn a fewdrojisof ammonia, lastly acidify sliclitly with 
aceli(; acid, ami set a>;ide to allow the i)rocipilatcd AlPO, t(> settle. 'I’he 
idear Ibpiul may tlum \h) poured off, tlie i)recipitat»' dissolv<‘d in nitric 
acid and <l(‘termined with ?uolylidic solution. 

Thesjj' dtderminations ar<‘ only possible in cases wh<‘re the P..O, is 
V(M'y Iary(' In most waters it is simply necessary to r('cord wlndher tin* 
niolybdic precipilate is iti lieavy or minute* trac'os. 

Silicic Acid.' Acidify a litre or more of the water with liydroeliloric 
acid, <‘vaporat(‘ to dryness, and <lry tin* residue th''roui,ddy. Then 
moisten with liydnu-hloric acid, dilute with hot wat(‘r, ami tiU<U’ ofl, 
wash, ignite, and wei;;h tlie sejiaratc'd •'ilica. 

Iron. —To tlie tilt rate from tlie delermiiial ion of silirie acid ad<l a f(‘w 
drops of nitric acid, dilute, to about 100 c.c.. and d(‘t'*rminc b\ colour 
titration, as on p. 2f4; or W'licr(‘ tlu* amount i.-^ Iar;,;c, add a ■'littlit excess 
of ammonia,, ami heat ^(eiitlv for a, short tiiiii'.’ Kilter olf the precipitate 
ami determim* tiu* iron in ihe waslu'd prcci))itale rolorinietrically. 

Calcium.— 'I’o liic lillrale from tin* iron ‘Ictcrniination add exres? of 
ammonium oxalate, filter oil the calcium oxab-vb*, i^mit<* and w<‘iirii as 
calcium cfirbomilc or as lime, or <lctermim' volninctricallv with p(‘r- 
tiiaaioana.lc as on p ISO. 

Magnesium. -To the comamlrat(M| (iltralc from the cal<-ium (lcl(‘r- 
minalion add ammonia,, then sodium pho-phatc (or, if alkali^ are to 
Im‘ determined in IIk^ tiltra,lc, ammonium plio'-.phat(‘', and allow to 
'.land fo) 12 bmirs in a warm phn-e. lMlt('r, iyiiilc the pr(‘<upitatc, ami 
wei^h as magm'^iiim pyrophosphate, or, witlmut i^iiiition, titrate uifli 
uranium. 

Barium. -Is best <le|e(Jed m a, wattu* by aciflifyino with liydrocliloi-u- 
acid. Iilt('rin;i l>crlcc||y el(‘ar if ncc(‘>sary. tlu'u addiii;^ a clear solution 
of calriuin sulphate, .md s<‘tiin” a'-nh* in a waim plact*. Any wliit^ 
prccipitat(‘ wliidi foi-ins is due to })a,riiiin. 

Potasiiium and Sodium. -Tlics<‘ arc ounerally d<'tcrmined jointly, 
and fo]- iliis pni-po'-i* the (illratc from the m:igm"iiim determination 
nniN l)e iis(‘il. Evapoi'at(‘to <lrym*‘'S, and luaii gent ly (o e\pi‘l ammonium 
sails, r('mov(‘ |)liospbori<- a,eid with lead acetate, and Ihe excels of lead 
in flu* hot soluiitui by ammonia and aminoumm <"irbonafc. KiMer, 
evaporate to dryiK'ss, lu'at to oxpel ammonium >alts, and wa'iyh the 
alkalis as eliloi-ides. 

It is, lioui'M*)-, JJi'iieralh' le>^ lr<)ubl(' to (‘inploy a separati* poi-iion of 
water. .\(ld to a litre or h'ss of the water enough pure barium eliloridi* 
to precipitate the sulphnrie aei<l, boil with pure* milk of lime, filter, eon- 
eenfra,le, and r(‘moyi‘ the excess of lime witli ammonium earhouati* ami 
a little oxa.lnle. Pilb'r, ('yai*n'aj(‘, lo dr\ ness, drv at i:»0’ in liol aiiMwaui, 
and ignite* carefully till all ammonia, sails are e*xiM*ll(*d. Disseilve residues 
in water, transh'r solution (lilb'ie'd, if lu'ce'^sai'y) h* a, small wi'ighcd 
jilatimim dish, (*vai)orat(* h» eirvm'sson walcr-halh ami lu'at tin* ri'sklue 
carefully ove'r an Argand I5uns*’n (laim*. ( ool ami wx'igli Kill + Nal’I. 
If tJiii walcr contains hut little suljiliate*, Die barium chloride may ho 
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^'omitted, and a little ammonium clilorid?} added to the solution of alkali 
chlorides. 

If potassium and sodium must each he (h^tormined, separate the 
potassium l‘y means of platinic chloridi'; or, after weighin;< the mixed 
chlorides, determine the chlorhu present in them, and calculate the 
amounts of potassium and sodium by the follo\vin<i formula : Calculate 
ail the chlorine present as pota'^sium chloride ; deduct this from the 
weight of the mixed chlorides, and call the diilenmce d. Then<is KPl : 
68*40: : d : NaCl present. (See also p. l.W.) Or the sodium chloride 
may he determiiu'-d Ipy Fenton’s m<dlu)d, p. 0.5. 

Lead and Coppdp.--l)eternune ))y colour litratioif (Winkler’s 
method) jus on p< 25ti. 

Manganese. —Determine eolorimotrically, sim- p. 20‘J. 

Arsenic. —Ad<l to half a, litre or mon* of th<^ water enough sodium 
hydrate, free from arsenic, to render it slightly alkaline, evaporate to 
dryness, and extract with a little eom-entrated hydrochloric acid. In- 
tro4luee this solution into tlie generating flask of a small Marsh’s 
apparatus, and pass the evolved hydrogen, first through a U-tube filled 
with pumice, moistened with loa<l acetate, and tlxui liinmgh a pieec of 
hard glass tube about 150 mm. in length, and 3 mm. in diaiiM'tor (made 
by drawing out combustion lube). At about its middle, this tube is 
heated to redness for a Icngtl* of al>out 20 mm. by tlu' flame of a small 
Bunsen burner, and here the arseniuretted hvdiogcn is decomposed, 
arsenic being <hv)osiled as a mirror on tlie cold {tart of tiHilube. The 
mirror obtained after the gas has passed slowly for an hour is compared 
with a series of standanl mirrors oht-iine<l in a similar way from known 
quantities of arsenic. Care must be taken to ascertain iu each experi¬ 
ment that the hydrochlorie acitl, y.m\ and whole a|)|)aratiis arc free from 
arsenic, by passing the hydrogen sbjwly through thi* luaited tube before 
introducing the solution to ho tested. Tlu' lM‘st,form of apjtnr-itus (Marsh- 
Berzelius) is that which is now used for detoeting ami determining small 
quantities of ar.senic in h(*er, malt, etc. An electrolytic form of ap¬ 
paratus is also used. 

Zinc.— This metal usually exists in waters as hiearliuiiatir, and on 
exposure of such waters in open vessids a iilm of ziiH* carbonate forms on 
the surface. I’otassiurn ferrocyanide {irodueos a luihi<lity in such waters 
owing to the insoluhility of zinc feiT(x;yani<lo. The, reagent will detect 
1 part of zinc in 2,0GG,0(K)of water. For deternnriation of small amounts 
of th<i metal in watrir, sec Winkle r, Z, 1013, 26, 38, and p. 

25C supra. 

THE EXAMINATION OF WATER, SEWAGE AND SEWAGE 
EFFLUENTS FOR ORGANIC IMPURITY. 

18. The Determination of the Amount n)f Oxygen Absorbed from 
Permanganate. 

For the Preparation of the Heatjents u'-quir>uh see p. 400. 

This process, which is sometimes <-Hlled the oxygen {U’oeess, was 
originated by Forchammer and improved by L*otheby and by 
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Tidy. It determines the aiifount of oxygen taken up in a given tiim? 
and at a spociiiod hsmperature in oxidizing the oxidizalile organic matter 
and inorganic salts in a known voinme of vvatm' sliglilly acidified with 
pure sulphuric acid. For this purpose, a standard solution of potassium 
permanganate is employed in excess. The amount of unchangect per¬ 
manganate, after a given time, is ascertained hy means of a solution of 
sodium thiosulphate, hy the help of the loditie and starch reaction. 

Tidy and F ra n k I a n <1 in all cases made a blank experiment with 
pure distilled water side hy side with the sampie, and this procedure 
has heeii adopted generally. 

Two tests awe nsnally made, viz , file amount of oxygen ahsorheil in 
3 minules and in 4 hours respectively. The forni»r, ^liicli practi- 
callv gives the amount ahsorhed instantaneonsly,*alTords a means of 
dilferenf iating hetween one class of oxidizalile suhstance and another, 
and, in the case of sewages and ellluents, affords an excellent method, 
in oonjunclion with Ihe incuhator, of determining the amount of |mtre- 
faefion whii-h is taking jilace. In the case of waters, an imigediate 
reduction of permanganate may he caused fiy .such reducing agents as 
nitrites, ferrous salts, or sulpliuretled hydrogen, and T i d y was disposed 
to attrihule this reduction, in the known ahsenco of iron and sulphu¬ 
retted hydrogen, to nitrites. 

I’he process is carried out as follows;— 

Ihe vessels used for this determination should he rinsed with sul¬ 
phuric aidd and then with water. Ik-oz. stoppered Jlasks or .'i(K) c.c. 
W.M. hottles answer well. First measure out into each lla-k 10 c.c. 
of the dilute sulphutic acid, then 10 c.c. cd' Ihe peiauanganatc, and 
finally k.'iOc.c. of distilled water for tlie hlank and the same (|muitity of 
each of the samples to he l('sted. Tin* whole of the vessels are then 
placed in water at 80’ F., or in an incuhator, and maintained at that 
lempeiatiire for 4 hoiirz The flasks should he examined at intervals, 
and if the ])ink colour bcconii's much diminisheil a liirllier 10 c.c. of 
permanganate should he added, in all cases a good excess of pormangm- 
nate should he maintained during the whoh’ ol the 4 hours; the 
llasks sJiould also be shaken occasionally. .\t the end of 4 hours 
add to oacli a few drops of the potassium iodide solution till the clear 
ycliowisli-hrovvn colour of iodine replaces the pink ot the permanganate. 
Now run in from a Imrette the standard solntioii of thiosulpliate with 
occasional shaking till the colour of ttio solution is rcdiiciMl to a pale 
yellow, then add a fi*vv drops of starch solution and more thiosulpliate 
till Ihe hluo colour liisappears. 

Ex. 1. 250 e.^‘. of water tr(‘a‘e(l as ahov(M’e(]uired 224 e.e. tliiosul- 
pluito ; the blank took 32-5 c.c. 


32'5 -_2^-4\ 
32-5 ■■ ) 


0124 parts of oxygen ahsorla'd per 100,000 of 
water. 


Ex. 2. Su|i[iose that a sewage effluent reiiiiired the addition of 30 c.c. 
*of permanganate to maintain a good pink colour, and that 28T c.e. of 
thiosulphate were needed (hlank as heforo), then 


•4 


32-5 X 3 - 28-1 \ 
•32-5 " / 


_ 0-854 parts of oxygen ahsorhed per 1(K),000 
ot etiluent. 
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* To wilculatyO “grains por gallon” instoad of “parts por 100,000,” use 
the factor 0-28 instead of 0-4 in tin* abovi* fornnd:e 

The 3 nnnnt.es’ t<‘st is carried out- as follows :— * 

Ten c.e. of llie j^ornianganate solutioji and the same volume of the 
dilute sulphuric acid are measured into a small stoppered hofctle of about 
100 e.c. capacity, and the latter is carefnllv warmed in a w'ater-bath to 
the temperature of 80'" F. A ixndion «>f the sample (sewage, etlluent, 
etc.) is warnn'd separately to the same tempi'rature. and 25 c.e. of it 
(or 10 e.c. diluted to 25 c.c. with distilled water, in the case of a very 
strong sewage') are u<hh‘d to the acid permanganate. TIh‘ contents of 
the bottle are mi\od by genth' rolalion, and aftt'r 3 ininntes’ stand¬ 
ing i)otassium i<ylide is added and the titration linislied as <lescribed 
abov(^ In th(‘ case of w'at(‘rs, 250 c.e. are measured into a tiask or 
bottle, such as is used for the 4 hours’ test, warmed in a water-bath 
to 80' F., the aci<l and permanganat(' a(lde<l, etc., as abov(‘ 

Du p rr’ carried out a number of experirnenls with this process and 
arrive(| at lie* following conclusions : 

(1) That practically no'decomposition of permanganate takes ])la,ce 
during 4 hours wIhmi <lig(;st(‘d in a clos<><l vc'ssel at 80'" with perfectly pure 
water and the usual proporti<mof pure sulphuiic acid. Hy adopting 
the closed vessel, al' du-vt or redming atinos|ihcri(* intiuenee is avoided. 

(2i The standardizing of ilu' thiosnlphat(; and permanganate, 
originally and from time to time, must he made \n a closed vessel in 
till* same mannei’ ns tin' analvsis of a water, sinc(', it lias hc(‘i! found 
that when the titration is maih'slowlv in an oi)ei\ lK‘akcr less thiosul¬ 
phate is re(jniro<l than in a sioppored hoi tie. This is probably <ln(‘ to a 
trilling loss of iodine by evaiioration. 

(3) That with very pure watm-s no practical ditfercnt'c is produeed 
bv a rise or fall of lemperallire, the sanu' results being obtained at 32'’ 
F. as at 80” F. On the other haml, with polljited waters, the griniter 
th(^ organie ])ollniiori, the greater the dillereiiee in the amount of oxygen 
absorhe<l aecording to tempcn-atiire. 

(4; As to time, it appears that very little dillerenei'oeeurs in good 
waters iHdw'een 3 and 4 hours’ digestion; hut with had wr.te.-s there 
is often a very eonsiderable inen'ase in the extra hour; and thus 
Dupre douhts wliethm- ev<‘n 4 hours’ digestion siifliees for very im¬ 
pure waters. 

Du pro ID furtlior (comment on the temperature at whiOi it is ad'isablo to 
carry out this niethorl {Analyst 1885, 10,118), ami also as to the reactions io- 
volvcd, points out one feature wlmdi has in all ]»rol>al»ility iivpressed itsoU upon 
other opeiattirs, that is to say, the offcet of flilortcles when present in any quantity. 
It is evident that if in this ease the perm inganate is used at a high temperature 
and in open vessels, eliloiiiic will he liberated ; part escaping int > tlie air, and the 
rest nullifying.tlie reducing effect of any orgiuiie matter pr< sent on tlie permanga¬ 
nate. If, however, the experiment be conducted dt high temperature in a closed 
vessel, the probable error is eliminated, because the chlorine is retained, and 
subsequently, when cool and the potassium iodide added, th(! free Cl liberates ex¬ 
actly the same amount of iodine as would have been set free hy the permanganate 


/!/-//y.s/,il8H2, 7, 1. 
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from which it was i)roclu<5ed. It,tliu8 becomes possible to determine the amoinj^ 
of oxidizable organic matter, even in sea water. In order, however, to leduce the 
probable error from th^pre.senee of chlorides, D u p r e prefers to cairy on the ex¬ 
periment at a very low temperature, in fact, as near 0® C. or F. as possible, 
and uses phosphoric acid in place of sulphuric (‘i.'W gm. glacial acid to the litre; 
10 c c. of which IS used for each quarter or half litre of w^ter). The sample is 
cooled, the reagent added in a stoppered bottle, and kept in an ordinary refri¬ 
gerator for 24 hours. The same operator very rightly condemns the practice 
adopted by some cliomists, especially those of Germany, of boilinga water with 
porinanganato and sulpliuric acid. Tlic proseiicc of chlorides in varying pro- 
p trtions must in sucli ease totally vitiate the results. 

In tlio intm^rplJition of tlio results olitained liy this prowiss (siihiect 
to mollification by tiie other analyti(!<al data) the lollo^ving scale of 
<*lassitication was suggested by Fr a n k I a n d and T i d y 




1 

Ox\;.jeii Absorbed in 3 liours at Room 



Tiiiiqh'raturn Ironi Potissiiim 



IVmiai^Miiutii by 100,000 Parts (*t Water. 



For Upland 
Stirl.ice Water. ' 

For other W.ater. 

Glass 1. 

Water of great organic purity 

0—O'l part 

0—D'O.*) part 

„ II. 

,, medium „ 

„ 

0 05—0 15 „ 

„ III. 

M doubtful ,, 

0':i—0-4 „ • 

0-15—0-2 „ 

„ IV. 

Impure water 

above O-I ,, 

above 0*2 „ 1 


The above must always be used with the gnuiti'st caution and in 
eonjiiiiction with the other analytical data as well as with regard to the 
water’s souivo and history. It should bo noted also, that the above 
table was based on determinations made at room temperature, whereas 
at the present time such determinations are mo'^t commonly made^at 
the tem[ierature of 8U° F, 

19. Determination of Free and Saline Ammonia and of • 

Albuminoid Ammonia (Wanklyn). 

For fhc. priportiHoii of licujmf-'i p. 480. 

Measure 500 c.c. of tlic water to be examined into a stoj)pen‘d retort 
or a 32-oz. round-liottomed Hask with a rublier stopper, tlie vessid used 
being sunieienllj^ large bo prevent any of tlie. sample being spurted over 
into the condonsi^r.' Add a small ipiantity of recently-ignited sodium 
carbonate and connect by an india-rubber joint with a Liebig’s or 
other condenser, wliieli should he thoroughly rinsed out with good tap- 
water immediately before use. The distillation should he condiu'ted 
as rapidly as is compatiltlo with a certainty that no spurting takes 
place, and a stream of water should be passi^i through tlui condenser 
during tlie whole of the distillation. When 100 c.e. have distilled over, 

’Thorpe's wellknowu “Revenue Still” is very coinpaet and answer'^ well for 
water and sewage jjistillatioii. 

30 
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rtie receiver (a stoppcml KM) c.c. flask) is»ciiange<l and tlie distillation 
continued till anutlier 50 c.e. have been collected in a N c s s ) e r glass. 
The latter is then tcj^tcd at once with 2 c.c. of N'ossler’s solution, 
and if no colour is produc(‘<l, which is most usually the case, the dis* 
tillation is stopped. Jf a colour is prodiu'cd, further portions arc col¬ 
lected and tested till ammonia ceases to come ovei. In this way the 
free and saline ammonia arc obtained. 

Whilst the distillation has been going on, 50 c.c. of alkaline perman¬ 
ganate and about 25 c.c. of distilled water are together l)oiled in a nickel 
di&h or a Husk for a few minutes to expel any ammonia. If the alkaline 
permanganate solution, after careful tilling, is kept in v place entirely 
free from ammonij^ fumes the 50 c c. can Ik* measuriMl directly into the 
water without preliminary boiling. This is then poured into tin; flask 
and the distillation conimued, tlie distillate being collected in a 100 c.c. 
flask followed by successive portions m N e s s I e r glasses till the evolu¬ 
tion of ammonia has ceased. Tlie ammonia thus collected forms the 
albumii^oid ammonia. 

The respective distillates are now “ Nesslerized ” as follows:-- 
Transfer each 100 c.c. distillate to a Nesslcr glass, add 3 c.c. of 
Nossler’s solution, and mix well with a long glass tube having a 
bulbed end. The colour that develops enables an approximate estimate 
h» be made (if llie amount of ammonia present, and one or more standards 
are made up with ammonium chloride and ammonia-free water as 
quickly as possililp, 3 c.c. of Xeshlcr’s solution added to cacli, and 
after mixing all arc allowed to stand at least 10 minutes, so that the 
colour may fully develop and all may acquire the room temperature, 
this latter beinga matter of importance The final adjustnient is made 
by [lounng some of the more strongly-coloured Iniuid into a 100 e.c. 
measuring cylinder until a perfect match of tints is obtained, or a 
Stokes's (jolorimeter may 1 k 3 used. Tlio mpde of calculation is licst 
shown by an example. 

Kx.: 500 c.e. ol water distilled. 

Free and saline ammonia. 1st 100 c.c. 85 c.c. gave llie same colour 
as a standard made up of 0*5 c.c. standard NfljCl solution (.1 e.c. - 
0*f)0005 gm. NHj). 2nd 50 c.c. None. 

100 

Rl'SuH, X O'OOS - 1-18 X -005 
o5 

- O'OO.")!) [liii’ts free and saline ammonia per 
IWI.OOO. 

Albuminoid ammonia. Isl 100 c.c. was such that 9(9 c.c. of a standard 
containing 0'8 c.c. NHjOl solution in the 100 c.c. was e(]ual to it in 
colour. ‘2nd 60 c.c. none. 

P , 90 X -008 = 0 0072 parts of albuminoid ammonia per 

Result, 100,000. 

(With 600 c.c. water distilled, 1 c.c. of tlie standard NH.CI solution 
- O'Ol parts NHj per 100,000 of water.) 

In tlic case of sewages and tank effluents take 50 or 100 c.c. accord¬ 
ing to strength, add 600 c.c. of pure water, or of good tai water of wliich 
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‘the free and albuminoid ani*monia are known, tlion a little Na. 2 CO;t and 
distil till 200 c.c. lyivc been collected in a stoppered flask. Then add 
50 c.c. of alkaline permanganate an<l lOD c.c. of tap-water, also 3 pieces 
of ignited pumice to prevent bumping and continue the distillation 
until another 200 c.c. have been collected. Dr. M c G,o wan‘ states that; 

“ In actual pra<dice this distillation is never carried further than the 
200 O.C., no matter at what rate the aIbuminoi<l ammonia may be coming 
otf wlten thi.s limit is reached. The estimation is thus only approximate, 
at least in the ease of a sewage or an ordinary otfluent. If the distillation 
of this was carried further (with the addition of successive quantities of 
ammonia-free*water to the retort), albuminoid ammonia would be 
obtainetl for an indefinite period in gradually decreasing amounts in the 
succe.s&ive fraclions of the distillate.” Suitable fractions of the dis¬ 
tillates are then dilut'd with ammuira free water to 100 c.c. and 
Nesslerized. For good filter and land effluents take 250 c.c. and 260 c.c.*. 
of tap-water, Init if bad 100 c.c. or loss and 500 c.c. of lap-water should 
he used. , • 

30 . Determination of Organic Nitrogen in Sewages or Effluents by the 
Kjeldahl Process. 

Dr. Mc (.J 0 w a n '■* procoe<ls as follows:— 

From 10 c.c. to I(X) c.c. of the sample, jiccording to its .strength, are 
boiletl down with 4 c.c. of sulplinric acid (free from nitrogen) in a round- 
bottomed Jena flask, the heating being continued after all the water 
lias boon evaporate<l off, until tlie acid becomes colourless,—the mouth 
of tlu^ flask being <*losod by a !)al!oon stopper as soon as tlie acy.! I)egins 
to fume. When cohl, the flask is rinsed out with distilled water into a 
stoppered measuring flask, a few c.c. of a solution of oxalate of potash 
(ammonia-free) being sometimes ad<led to throw down the lime present. 
Tln^ solution is then rendered jnd alkaline with purified potash, and 
filled up to the mark with water. The flocculent precipitate which in¬ 
variably forms upon the addition of the potash, both in the presence 
and absence of oxalate, is allowed to subside for at least 24 hours, and 
a suitable fraction of the clear liquid is tlien Nesslerized. ' 

A “blank” is made in exactly the same way, substituting distilled 
water for sewage or effluent. The nitrogen found in the “blank” is 
then corrected for the minute quantity of nitrogen in the distilled water 
added before boiling down. Tlie corrected “blank” thus obtained, re¬ 
presenting the imoxidized nitrogen in the 4 c.c. of sulphuric acid used, 
is then subtracteil from the corresponding one in the actual determina¬ 
tion, the difference giving the organic nitrogen plus the nitrogen from 
the free and saline ammonia present. Finally, by deducting the latter- 
determined, if possible, by direct Nesslerization of the sample—the 
organic nitrogen present is^btainod. As a rule direct Nesslerization for 

•Royal Coramissioti on Sewage Dispasal, Vol. IV. Part V. Dr. Me Go wan's 
Reiwrt on luethocls of chemical analysis as applied to Sewage and Sewage Effluents, 1904 
(P. H). 

^ Report on Methods of Chemical Analysis of Sewage and Effluents. Vol. IV., Part V 
of the Fourth Repoft of the Royal Commission on Sewage IMsposal, 1904. 
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free and yaline ammonia is impractk'al)lo’ owinj; to the turbidity pro¬ 
duced on adding Nessler’s solution. (Dr. M c G o vv a n also describes a 
more elaborate process “with r<‘dnciion,” for <letails of which the reader 
is referred to th(^ blue-book already mentioned.) 

Dr. (J. ,1. F 0 w l.e r' gives the following process 

30 c.c. of the sample are placed in an 8 oz. flask, a little sodium 
carbonate added, and it is then distilled with steam till the distillate 
shows no indication of free ammonia. The steam is generate<l in {i.32 oz. 
flask ami passed into the flask containing the sam])le. This flask should 
be heat(‘d by a U ii n s e n burner to prevent the steam condensing in it. 
In this way the sample is concentrated to about 5 c.c. and is then trans¬ 
ferred to an 8.0Z. J/cna flask with a long neck ami 20 c.c. of pure H.>S 04 
(free from Nitrogenj added. The mixture ih carefully heated over a 
naked Bunsen flame in thcHdranght chamber for about half an hour, 
a little phosphoric anhytlride (ly)^) is then added, and the heating con¬ 
tinued till the mixture is (juite clear. After allowing to cool somewhat 
the mixture is poured iiitojihout 200 e.e. of water, a!id after complete 
cooling made up (exactly to 250 ixe.; 50 c.e. of this solution are then taken, 
made alkaline with a saturato<i solution of caustic soda, 500 c.c. of tap- 
water added, and the ammonia distilled off and Ncsslerized in lots of 
100 c.e. A “ l)lank ” should be made with 35 c.e. of distilled water and 
all reagents as above, ami allowed for. The organic ammonia thus found 
is always higher than the albuminoid ammonia, ami the ndation beween 
the two has been IfDund to vary within fairly wide limits with dilTcrent 
sampt(‘s. In the Fifth Report of tin^ Royal Commission on Rewage 
Disposal -' it is stated tlnit “The ratio of albuminoid to total nitrogen in 
an ellim^nt is usually from 1 .2 to 1; 3, though it mav in certain cases be 
idthor bedow or above those figures. When an cflluent contains a large 
(quantity of suspended solids, the ratio tends to he high.” 


• DETERMINATION OF DISSOLVED OXYGEN. 

21. Roscoe and Lutit’s Method. 

The volumclrie determination of the tlissolved oxygen in water is an 
opiu'ation of some importaiu^e in water analysis. It is well known that 
organic and bacterial contamination gcMicrally exist side by side; the 
organic matter olToring suitable pabulum for tlu^ growth of bacterial life. 
Water thus contaminated is d(;-oxygenated by the living organisms which 
consume oxygen during their growth; hence the importance of the de¬ 
termination of dissolved oxygen in water, as a means of ascertaining the 
4*(>-existence of the two kimls of impurity. 

In brewing also a knowledge of the state of aeration of the wort is 
sometimes of importance, especially at the fermentation stage of the 
process. 

.Several methods liavc been proposed for carrying out the determina¬ 
tion. Mohr’s rnethoil, depending on the oxidation of ferrous com¬ 
pounds, with subse<iuent titration by permanganate, has not come 


i.SVwiyc p. 58. 


•^ai. 4278, 1508, p. 223. 
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greatly into use. Winkle/' proposed to take advantage of the oxida¬ 
tion of manganous hydroxide (obtained by mixing solutions of a man¬ 
ganous salt and efwistie alkali) by dissolved oxygen, tlie higher oxide 
formed being decomposed by sulphuric acid and potassium iodide with 
liberation of iodine, which is determined by titration with sodium thio¬ 
sulphate. This method is interfered with by thc#presenco of nitrites, 
which also liberate iodine from acidihed potassium iodnh;; great organu; 
contamination also interferess, inasmuch as the imi)urities present take 
up abortion of the liberated iodine. 

Sc h n tze n be rger’ s metliod,'Mully described in the sixtii edition 
of this book, has received great attention from many operators, some of 
whom have reported favourably, whilst others 'find the i>roeoss unre¬ 
liable. The ri'ason for the anomalies apparent in the«rei>orts of tlie 
various experimenters is shown in the results of an interesting and eritical 
investigation of the process carried oni by Roscoe and Lii ii t."' They 
show that an important ilisturhing influenei^ had been overlooked, and. 
explain many previously ill-nnder.stood points in the ))rocess. 

Sc h ii tzen be rge r’soriginal process depends on the reilin-higaction 
of sodium hyposulphite Na.jS(T, jirepared by the aetion of zinc dust on a 
saturated solution of so<tium hisulplule <!ontaiiiing an excess of sulphur¬ 
ous acid. The determination was originally earned out in a large 
Woul fo’s bottle, of al>out two litres ea[»acity, lillinl with pure hydro¬ 
gen. About 20 to ’M) e.c. of water were introdueixl and slightly coloured 
l)hie by indigo-carmine solution. The blue colour was thou cautiously 
discharged by the careful dropping in of hvposulphift^ solution. To the 
yellow reduc<‘d liipiid thus [>rodnced, the water to be examined was added 
from a pear-sliap(*(l vessel holding about 250 (-.«•. Tlie dissolve*! oxygen 
restored the bine colour by oxidation, an<l the amount of hy[to>ulpiiite 
required again to decolorize the liquid wms noted. 

Sc h u tze n be rge r showed that when a small amount of indigo 
was employed in the d’etcrinination, the yellow’ cohinr produced when 
the titration was completed *juickly ivturned to blue, and this when 
ilecolonzed again turned bliu', and so on for some lime, until double'the 
amount of hyposulphite first ad<ied had been used. Jle showeil also that 
by using a much larger amount of indigo the double ])oriion of hypo-* 
sulphite was required al ontr. 

By titrating an ammoniacal solution of eopper sulpliato with tlie 
hyposulphite used he arnveil at a value (though an er^oneou>^ one) for 
the hyposulphite employed in his experiments, and concluded that, at 
the first yellow' (colour produced in a titration wiu're a small amount of 
indigo W’as used, only half the oxygen actually iu’e.sent had been obtained. 
The other half he accounted for by saying that the reaction between 
hyposulphite and dissolved oxygen is such lhat one-half tlie oxygen be¬ 
comes latent as hydrogen [leroxide, whieb slowly gives up half its oxygen. 
He tluis accounted for tlij) return of the blue colour, as well as bis ob¬ 
servation that only ha'f the oxygen was at once obtained. To explain 


J 1888, 21. 2861. 

■i •< Formeiitatioji " by P. Sc h u tze n lx* rger (/nfeniutinuu/ Si-K-ntitic X’/vV.f). 
V. a A, 1889, 562. 
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tt\e observation that when a large amount of imligo was employed Ihe 
whole of the dissolved oxygen was found, he assumed that a different 
reaetion takes place, one between <lissolved oxygen jind reduced indigo, 
in which the peroxide of hydrogim is not formed. 

Ramsay and Williams,' whilst agreeing with Sehutzen- 
bo rge r and with liuprc," that the process gives reliable results, throw 
a doubt on the chemical explanation given of the above experiments. 

Instead of the ratio 1:2, they find 3 : to be the ratio between the first 
and the total quantity of hyposulphite required when a small amoflnt of 
indigo is employed, but give it only as the mean expression of the varying 
ratios they obtain, and add “ but it is difficult to devise an equation which 
will in a rational manner account for this partition of oxygen” into Iwo 
stages of the process., Ko scoc and L u n t's investigation " has thrown 
a new light on these expeiiments. They show (1) that a series of fifteen 
ileterminations carried out with every care in improved apparatus, and 
ainder apparently identical conilitions, gave discordant results, varying 
between 4-5.') and 6-50 c.c. of hyposulphite for the same, volume of water, 
showing"a ilifferencc of 0-3,') per cent, of the mean value. (2) The 
rapidity of titration has a gieat influence on the result. The mean of a 
series of ten determinations carried out drop by drop was 6-47, whilst 
ten experiments with the same sample of water gave a mean of 7'12 when 
the titration was performed quickly. (3) Not only is a low result ob¬ 
tained by a slow titration and a bigh result by a quick one, but by varying 
the time of titration still more extreme, variations in the result are 
obtained ; any valub between 1 and 1(K) [ler cent, of the total oxygen 
present being shown to be possible. (4) The ratio between the first 
reading and the total quantity of hyposulphite required is not a constant 
one, and Is shown to be capable of an inlinite range of variation. 

The key to the explanation of these remarkable results is given by the 
authors as follows; “The conclusion” from their experiments “was, 
that when aerated water is introduced into ati atmosphere of pure 
hydrogen, it immediately begins to lose oxygen by difusion into the 
hyifrogen until an equilibrium is established." By the recognition of 
this disturbing influence, the previous anoin.alies are easily explainable 
,on the following data:— 

(1) Discordant results are obtained from the same water, because the 
several titrations are not performed in exactly the same time, therefore, 
varying amounts of oxygen diffuse, and leave a varying residue for 
titration. 

(2) The high results of a quick titration are accounted for by th; fact 
that a large amount of oxygen is titrated and fixed beforq^it has had time 
to diffuse, whilst the slow titration gives a low result, because a largo 
amount of oxygen h.as already diffused from the Mijuid before the titra¬ 
tion is completed. No greater proof of the rapidity with which the water 
under examination lost oxygen by the old process need be given than the 
tact that Sell ut ze n be rger’s results show'that half the oxygen had 
left the liquid by diffusion before the determination could be completed. 

(3) The return of tlio blue colour is due to the re-alisorption of the 


ig. V. S., 1886, 751. 


" Aiudi/sf, 1885, W, 156. 


V. a. .S., 1889, 552. 
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(Hfused oxygen by the sensitive yellow liquid, oxidation by gaseous oxyg^wi 
producing tho blue cjlour, which is thus not duo to a reaction within 
the liquid. • 

(4) Tl)e vvliolo of the oxyj,^on is obtained when a large amount, of 



Fio. 57, 

« 

indigo is used, beciuse when reduced it is .capable of at tmrc lixing the 
whole of the dissolved oxygen and thins provenis diffusion. The use of 
so largo 11 quantity of indigo, necessary to effect this result, however so 
disturbs tho end-reaction that “it is difficult to tlx the point at which the 
last trace of Wliie has been discharged with any degree of accuracy” 
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(Bupro lor. rif.). Honce a new method must 1)C r(*sorto<l to in wliich 
diffusion is eliminated, and ft o s e o e and L u n t have devised the follow¬ 
ing^ method to satisfy tiHMonditions of thecase. The' apparatus employed 
by them is shown in fi^^ 07. 

It consists essentially of (1) an apparatus for the continuous ^^eneration 
and purilieat-ion of hydrogen, by the action of dilute sul{)huri<‘acid on 
zinc; (2) a 200 e.<‘. wide-mouthed bottle, lifted with three burettes with 
glass taps, inlet and outlet tuho'^ for a current of hydrogen, and an putlot 
tube for the titrated liquid ; (3) Winchester stock bottles of hyposulphite, 
in<iigo (not shown), and water (sample), communicating with their re¬ 
spective burettes by siphons. The hydrogen generat^al in A jiassi's 

through two wash-i)ottles containing caustic potash, tlnmce through two 
E m m 0 rl i n g’s tulK's filh'd with glass lu^ads, moistimed with an alkaline 
solution of potassium pyrogallate, an arrangement being madi' whereby 
tlie beads may be re-moisteneif with fresh pyrogallate from the bottles 
lMMH‘ath, the li(|uid being forced up by hydrogen pressure, riire hydrogen 
is suppliyil continuously (J) to the stock b()ttl<‘ of hyposulphite, (2) to the 
hyposulphite burette, and (11)'to the titration bottle. 

Preparation of the Reagents. - -The reagents i-e(|nired are 

Hyposulpliite solution (Na.jSOy). 

Indigo solution. 

Standard aerated distilled water. 

The Hyposulphite Solution is ))r(‘pare<l by dissolving J2r> gm. of 
sodium bisulpliite yi 250 c.<'. of water, and passing a eurront of S(.b 
through the solution until saturation is effected. 'I’lie solution is poured 
into a stoppi'HMl Itoffle of about 500 e e. ca])aeity, conlaining 50 gm. of 
zinc dust*, tlie bottle is almost filled up with water, and the mixture well 
shaken for 5 minutes, after wiiieh the bottle is placed beneath a run¬ 
ning tnj) to cool. 'I'he mixture is again agitat(*<l aftcu' a quarter of an hour 
and left to deposit tlic excess of zinc. 'Hie clear Ijqnid is poured off from 
the sediment into a Winchester quart hottli; half full of water. Milk of 
lime is added in excess, and the solution made up to fill tln^ hotth* almost 
completely. The mixture is now thoroughly shaken and allowed to stainl 
(best overnight) until clear. 

* 'fhe solution thus ol)tained is much too strong for use. 200 e.e. of 
this may he poun'd into a Winchester quart bottle of water (novau' into 
a bottle filled with air) and well shaken with as little air as possible. 
The approximate strength of this dilute solution must now ho found by 
titrating good tap water in the apparatus already doscril»ed. The st”ength 
should be such tliat 100 c.c. of water requires about 5 c.c. of hyposulphite, 
and the solution sliouhl oc made u}) apjiroximately t,o‘this value. It 
slowly loses strength on keeping, even in hydrog(m,and its value should 
be dotormined daily as required to he used. 

The Indigo-carmine solution is really sodium or potassium sulph- 
indigotate, and is prepared by shaking up 200 gm. of tliis suhstanee in a 
Winchester quart bottle of water, and filtering the blue solution, which 

' Iii«liii-rtililnT tubing iim.Kt not In* used for the convcyanoi* of tlie liyjio.sulpliite .solution 
(or the water under oxannnation), as atiaospheric oxygen rapidly diffiise.s through the 
india-rubber and affects the strength of the solution. « 
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must b(i (iiluted to such a strength that 20 c.c. require al)ont 5 c.e. of tho^ 
above liyposnlj>hite solution for doeolorization. 

Standard Aerated •Distilled Water.—Two Winchester ^juart lK.>tt!os 
half-filled with fr(!shly-<listiiled water are vigorously agitate<l for 5 
minutes, and the air renewed several times by Idli’ng ii[» one bottle with 
the contents of the other, and again dividing into Imo j)orli()ns, which 
are repeatedly shaken with fresh air. Finally, one bottle being filbal, 
the temperature of the water is taken, and also the barometri<t pressure, 
after whiidi the bottle is allowed to 5iand stcifqienHl fur half an hour, to 
get rid of minute air-bubbles. Table No. 7, due to R o s c o e and L u n t, 
gives the volunje of oxyg<*n conUiiUMl in this standard a(M-atod water, 
and the results show that BunsiMi’s <*oeffieients, jireviously used, ari^ 
inaccurate. • 

The DkteKjMination : The burette having b«‘<ui filled, and a prelimin¬ 
ary trial made - * 

(1) 20 c.e. of the water are introduced into the small buttle and 
al)out 15 <*.(*. ()f indigo solution ad<led. 

(2) A moderate eurnuit of hydrogen is packed through the blne*li(|nid 
by a very fine jet for 3 minutes to frei' both water and supernatant gas 
from free oxygen. 

(3) Hyposulplnti! is now earefully ad<l<Ml, during the flow of liydrogen, 
until the change; from blue to yellow oecnrs, taking eare not to ovm'stej) 
this point. 

(4) A further nnaisured quanlitv of hyposulphite is now added (say 
If) c.c.) sullii-ioiit to combine with all the (lissolved oxygen in the 
volume of water (50 to 100 c.c.) proposed ti; boused in tb(‘ determina¬ 
tion. 

(5) Th(5 important point is that thi^ water hi' now <juickly run in from 
a burette by a capillary tube passing hmrafh (hr Kurficr of (hr luinid to 
the bottom of the vessel, Tlie water is thus introduced into a liquid 
whi(;b will <if oner fix the fr(‘e oxygen an<l tlius [ueveiit its difhisiun on 
coming in contact with the liydrogmi, tlie redmxMl indigo aci ing as lyi 
indicalur for tlie complete oxulation of the bypu<ulpl)ite. Tin* liquid is 
kept, in v^mstant motion iluring the a<ldition of tin* water, which is shut 
off the moment a permanent blue colour ajiiauirs. 

((}) The blue is decolorized by a further slight addition of hypo¬ 
sulphite. The volume of water used and the total liyposulpbite, mums 
the tirst addition, are noted and the determination repeated for con- 
fi rmation. 

When tlie wat<ir <‘ontains very little oxygen tho second addition of 
hyposulphite may bo omitted, tlu^ naluced indigo being sullicient to take 
up all the dissolved oxygen. In this case, care must be taken that the 
oxygen added should require not more than half the liyposulpbite first 
added to decolorize the indigo. 

Standardizing the Hyposulphite.—Jn order to complete the deter¬ 
mination it is necessary to know tho strength of the hyposulphite solution 
employed, and for this purpose the bottle of standaixl aerated distilled 
water is titrated. This mothoil has the great advantage that it is a titra¬ 
tion carried out under almost tho same conditions as the examination 
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ff the sanipl(5. Tlie result of a determiivition is easily o])taincd by the 
following formula 

d X /<.s X Of/ ]• 1 I /V ‘iM p , 

, , ^ ./; (M*. dissolved Owgen per litre of water 

s X hd ‘ 

where d and x - the voluinos of distilUul water and sample respectively 
used, hd and hs = the hyposulphite recpiired for the distilled water and 
sample respectively, and Od tlio volume of dissolved oxygen contained 
in one litre of the standard water. 

Standardizing the Indigo.—When once the hyposulphite has been 
carefully standardized by distilled water, the rather troublesome aera- 
lion may 1)C avoided by finding the oxygon \aluo of the 'indigo solution. 
This volutioi) remaining constant may be used for the subsequent 
standardizing of the'hyposulpbite. 

It is only n(?cossary to ti^ko a suitable (piantity of indigo solution, 
diluted with water if necessary, free it from all dissolved oxygen by a 
current of pure hydrogen eontinu(‘d for 5 minutes, then eareful ly de- 
colorizq with hyposulphite, the value of wliieh has been found by using 
aerat<*d distilled water. 

The authors show that S<d) utzenberger’s method of standard¬ 
ization, depending on the d^icolorization of ammoniaeal copper sulphate, 
gives inai'curato results. 

Free acids or alkalis greatly disturb tlu! process. Birarhouah'S have 
no eff(H‘t. Of course when substances other than oxygim. which decom¬ 
pose hyposulphite, are present, Ihe accuracy of the method is propor¬ 
tionately disturbed. Tlio authors have a]>plied the process to waters of 
veiy varieil character, and containing wi<l(^ly diff«went amounts of oxygen, 
and sinxv that tlio midliod is capable of giving good results, compared 
with the actual volume of oxygen found by extracting the gases by idl¬ 
ing in racf/o. 

The delicacy of the reaction is such that on*^‘ part of oxygen in iwo 
million, parts of wabu' is easily detected. 

< The following numliers were obtaine<l from live dilfen'iit samples of 
London tap water collected on live different days : — 


j 

(1) 

_ 

(2) 

(3) 

. - 

H) 

(5) 


c.c. 

C.C. 

c.c. 

C.C. 

C.C. 

N trogen .... 

rs-22 

l:J-h.5 

13-36 

l:!-4S 

13-49 

Oxygen .... 

5*15 

5-91 

5-3H 

6-31 

5-HO 

Carbon dioxide 

7-JH 

9-29 

6-70 

7'a,5 

8-11 

Total Gas 

26-95 

: 29-15 

25-44 

27-0') 

27-40 

Oxygen by the new volu- 






metric method . 

5'5a 

6-13 ' 

5-64 

6-41 

6-24 

Gas obtained 

5-15 

5-01 

5-38 

6-31 

6'80 

Difference 

0-37 

0-22 

0-2G 

0-10 

0-44 

Mean diSerenco 

0'28 0.0. 

oxygen per 

litre of water. 
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The oxygon values obtained by the two methods stiow (dose agreement, 
considering the possiide experimental error in so (complex a comparison' 

M. A. Adams' d^scrilx^s and figures a very convcni(3nt arrangement 
for carrying out this process, which is well adapted for technical work, 
and less cumbrous than tlie apparatus hero dcs(;ribed. 

22 . lodimetric Method. 

A simpler nietluxl than the foregoing has boon prot»ose<l by T h re s h,*'' 
which T)y (mnparison with Koscoe and Lunt’s method appears to 
give satisfactory results whom aerated distilled water wa^^ under titration, 
the differences occurring only in the second decim.ib place. Tlie author 
was led to investigate the method by observing the largm- amount of 
iodine which a very minute quantity of a nitrite caqsea to* bo liberated 
when potassium iodi<le and dilute sulphuric acid wore added to water 
containing it. The amount of iodine lihenfted varies with the length of 
exposure to air. If air is cxoludisd no increase of free iodine, occurs after 
the first hnv minutes, and if the water is |)reviously boiled and cooled in 
an air-free s()aco still less iodine is lil)(!r?i,ieU. Jn this latbu’ ca*so t\n‘ 
action is represented liy the equation— 

2KI + 2IINO, - r, F 2H,0 + 2NO. 

When oxygiMi has access to the .solution, the nitric oxide acts as a 
carrim-, and more liydrogon iodide is decomposed, the nitric oxi<le 
a|)parenily romMining unalFected, and capable of causing the decomposi¬ 
tion of an uniimited quantity of the iodiile. ^ 

This reaidion is the one utilized la the process devised by Thr<3sli 
for determining the oxygen dissolved in water. As 10 parts by weight, 
of oxygen will iiborato 25:k84 parts of iodine, tlius - * 

2in + 0 H,0 + I.,, 

and as tlx^ latter element admits of being accurately dotermineil, 
tlieon^tically the oxygen Should be capable of very precise (h^ternimation. 
I’ractieally sn<-h is the case; the oxygon dissolved in drinking waters 
admits of being determined both rapidly and with preeision. It is only 
necessajy to H<ld to a known volume of the water a known <juantity of 
sodium nitrite, together with excess of potassium iodide and acid, avoid- » 
ingaciM'ss of air, and then to determine volnrnotrically the amount of 
iodine Hhorated. After deducting the projxution due to the nitrite used, 
the remainder represents the oxygen which was diss(»lveil in the water 
and in the voliimetrie solution iisi‘d. 

The following are the reagents re(juir4‘(l 

(1) Solution o?»sodium nitrite and potassiumio^lide :— 

Scxlium nitrite.0-5 gm. 

Potas.^ium iodide. 20 0 gm. 

Distilled water.100 c.c. 

( 2 ) Dilute sulphuric aeid 

Pure sulphuric acid.1 volume 

Distilled water.3 volumes 

(3) A clear, freshly made solution of starch. 

' J. U. K, 1892, 61, 310. 


a 1890, 57, 185. 
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(4) A volumetric Polutioii of sodium tliiosulpliato:— 

Pure crystals of tliiosulplmte, 7*7o f^in. 

Distilh^t water to 1 litre. 

1 (;.c. corrcstx)nds to 0‘25 milligraiii of o\yg(!n. 

The apparatus required is very simpl<‘, ami can loadily be fittiul up. 
It consists of a wide-moutlied white glass bottle yA, fig. fiS) of about 
500 c.c. capacity, closed with a rubber stopper having four perfora¬ 
tions. Through one passi's the tube B, drawn out at its lower extremity 
to a rather fine point, and connecte<l at the uj)j)or end, by means of a few 
inches of rubber tubing, witli the burette 0, containing the thiosulphate. 
Through another opening passes the nozzle of a separatoiy^ tube 1), having 

a stojiper and stopcock. The 
capacity of tliis tube when full 
to file stojipt'i’ must be accur¬ 
ately detormim'd. Throngli 
the third opening passes a tube 
K, which can 1 k‘ attached to an 
ordinary gas supply. Through 
the last aperture is passinl 
a.nother tube, for the gas exit, 
;ind to this is attached a suffi- 
ci(‘iit length of rublier tailing 
to <mahlo the cork G at its end 
to be jihiced In the neck of the 
tube I) when the stopjier is re¬ 
moved. A small piece of glass 
tub«‘ projects through the cork, 
to allow of the escaping gas 
being ignited. 

The apparatus is used in the 
following manner : The bottle 
A being ehsaii and dry, the per¬ 
forated bung is inserted, tlie 
burette charged, and the tube 
B fixed in its jilace. E is con¬ 
nected with the gas supply. 
The tube 1) tilled to tho level 
of the stopper with the water 
to he examined, 1 c.c. of the solution of .sodium nitrite and p-^taasium 
iodide addeil from a 1 c.c. pipetio, then 1 c.c. of tln^ dilute a<dd, and the 
stopper inwardly fixod ili its place, displacing a little of Vho water, and in¬ 
cluding no air. If the pipette be held in a verfieal position with its tip just 
under tho surface of the water, both tlie saline solution and tlu'aciil, licing 
much denser than tlie water, flow in a sliarply defined column to the lower 
part of tho tube, so that an infinitesimally small quantity (if any) is lost 
in the water which overflows when tlie stopjier is inserted. The tube is 
next turned upside down for a few seconds for uniform admixture to 
take place, and then the nozzle is pushml through tho bung of tho bottle, 
and the whole allowed to remain at rest for 15 minutes, to enable the 
reaction to become complete. A rapid current of coal giK is now passed 
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throuf(li the l^ottle A, until all Uio air is displaeed and the gas Imrns att» 
G with a full luminous flame ; tlie flame is now extii»^mi^hed, the stopper 
of 1) removed, and tin?cork G ra])idly inserted. On turning the stojxMX-k, 
tlic water flows into the bottle A. The stojK-oek is turned off, the cork 
G removed, and tln^ supply of gas so regulated that a small flame only is 
produceil when this gas is igmtexl at*G. Thiosniplufte is now run in 
until the colour of the iodine is nearly discharged. A little starch 
solution is then poured into 1), and about 1 c.c. allowed to flow into the 
bottle by turning llie stopcoiik. The titration with thiosulphate is then 
completed. After the discharge of the blue colour, the latter returns 
faintly in the cMirse of a few seconds, due to the oxygen dissolvaxJ in the 
volumetric solution ; after standing about two minutes, from 0-05 to OT 
e.c. of thiosulphate must be adiled to effect the llnal disMiarge. The 
amount of volumetric solution used must now bo noted. This will 
represent a, tlie^oxygeu dissolved in the waler examined, + b, tlie nitrite 
in tlie 1 c.c. of solution used, and the oxygen in the acid and starch 
solution c, a portion of the dissolve*! oxygen in the volumetric solution. 
To tind the value of a, it is obvious that h alnl r must be asi^erf-ained. 
This can b(^ effected in many ways, ami once known does not require 
re-determination unless tlie conditions are changed. 

To Find the Vahw <ij 6.-Probably tlie best plan is to complete a 
determination as above described, ami then, by means of the stop|)ered 
tube, introduce into the bottle in succession 5 c.c. of nitrite solution, 
dilute acid, and starch solution. After standing a few minutes, titrate. 
One-liflh of the thiosulphate used will lie the value required. 

To Find Ihr Valor of c .—This correction is a comparatively small 
one, cUid admits of determimition with sufficient accuracy it is 
assumed that the thiosulphate solution normally contains ,as much 
dissolved oxygen as diJ^tillcd water saturated at tlu^ same temperature. 
(Complete a <let<u'minati(^n as above d4‘>seribed, tlien ivunovo the stoppered 
tube, and insert a tube similar to that attaclied lo the Imiette, and drop 
in from it 10 or 20 c.(*. of saturated distilled wat<;r exactly as the thio¬ 
sulphate is di'Ojipi'd in. Allow to stand a few minutes and titrate. 
■()iie-to»th or one-twentieth of the volumetric s*)lution used, according 
to the numlicr of c.c. of water ailded, will re[ueseiit tlie correction for 
eacli c.c. of voliimetrii* solution used. Call this value d. 

JiOt c 1)0 the number of c.c. of thiosulphate use*l in an actual deter¬ 
mination of tii(^ amount of oxygen in a sample of water; 

/ -- the capacity in c.e. of the tube eniploycMl - 2 e.c., the volume of 
reagents added ; 

;i - the amount of oxygen in milligrams dissolved in 1 litre of the 
water; 

tlicn ,j == (-• - h - nl). 


Wit.li 11 tube made to hold exactly 250 c.c,, the inout convenient 


quantity to use 


1000 
’ "4/ 


l>ecome8 unity, and 
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'■Jn the author's experiments two nitrite sblutions were used; in the first 
h = 2’1 e.e., in the second Sd c.c. A niinilier of determinations of d 
were made, at temperatures varying from 40° to (>()“ F. Tlie value of d 
was found to vary between 0-0;i and 0-0315. In all the author’s later 
experiments d was taken a.s O-Odl. 

When I' ~ 3 e.e. tlie reaction seems to he complete in 6 minutes, 
but, to b(! on the safe side, it is better to fix the minimum at 15 
minutes. 

The use of coal-gas is recommended by the author without passing 
it over alkaline fiyrogallol or otherwise treating it before allowing it to 
pass through the apparatus. • 

The resiiHs ubtained, however, can be made to vary, the extreme 
limit being loss thah 0-5 milligram of oxygen per litre of water, using 
250 e.e. for the determination To riuoto an extreme case. In one ex¬ 
periment (1), after the air has been wholly expelled from the bottle A, 
no more gas was passed through, and the titration was effected in the 
closed,apparatus, the volumetric solution being run in as rapidly as 
possilde. Tlie end-reactioii was not well defined. In the second experi¬ 
ment (2), the volumetric solution was run in very slowly drop by drop, 
and a brisk current of gas was kept passing through the a|)paratus. 
End-reaction well defined. 

Vnhime of W.ihT. 'rliiosulphato. Oxygen per litre. 

(1) 322 c.c. 15’35 c.c. 0-14 miiligraiiis. 

(2) ' 322 „ 14'<) „ 8-80 

'The difference is proliahly due to nearly all the oxyge.n dissolved in 
tliiosulphate lieiiig used up in the first case, and being lost by diffusion 
in the second. 

In the examination of waters from various sources, and making the 
experiments in pairs, using tubes of different si/^es, the author found that 
exceedingly concordant results could easily he obtained. 

, In determining the oxygen in distilled water saturated with air, the 
author found that the results at 25° and .30° C. were higher than those 
obtained by R o s c o e and h it n t, whilst at the lower temperatim ‘s they 
were almost identical, and it occurred to him that the difference was 
probably due to the mode of saturation. The agitation in a couple of 
Winchesters was done as directed by them, but the water used had been 
previously saturated at ihe lower temperatures, and probably were 
slightly super-saturated. A further aeries of experiments were theii 
made with freshly-distilled water, which was not agitated with air until 
it had attained the de.sifed temperature. The rcsults’proved that this 
surmise was correct. Probalily some such explanation accounts for the 
uniformly higher results olitained by Hi 11 m a r. 

No doubt there will be exceptional cases in which the process cannot 
be used, and others in which some modidcstion may be required. A 
water containing nitrites will require the .amount of the nitrous acid to 
be determined if the utmost accuracy is required. (A water containing 
one part of HNO.j in 1,000,000, will affect the results -i- 0-17 milligram of 
oxygen per litre, 04 parts of the acid corresponding to 10 of oxygen.) 
Where nitrites are present in sufficient quantity to interfere, the amount 
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may bo doterminod Ijy any o6 the ordinary procossow, but the authoi^ 
prefers the following method :— 

To 200 c.c. of tluMfater to lie examined, rendered faintly alkaline if 
not already so, add a few drops of strong solution of potassium iodide*, 
and boil vigorously for a few minutes. Then transfer, to tin; bottle A 
used in the oxygen determination, and allow to get quUe cold in a slow 
current of coal gas. Then add a few drops of dilute sulphiine acid and 
solutioy of starch, and titrate with tlic thiosulphate. The (•orre<‘tion to 
be nia<le in the oxygen determination is thus ascertained. One or two 
experimental results may be quoted. 




Quantity 
ot Water 

'I'liiusiiluliatc 

iiMid. 

Coro'ctcil. 

1 Milligiaitis 
of ()x\gen 




• 


per litre. 

1 

I 

Tap watca* . 

Tap water + 5 milli¬ 

2H2-5 

13-2 

9-7 

1 

10-4:4 

n 

grams commercial 
sodium nitrite . 

j 2:12-5 

15-90 * 

9-55 

10-27 

o/ 

Ta]) water + 10 milli- 

1 

IS-G 

9-48 



giams .sodium nitrite 

J O 

10-19 

1 


In numb(‘r 2, the tliiosulphate used by 2ob c.c. of the boiled water 
was 2*8 c.c. 0 

In number 3, the thiosulphate us(‘d by 200 c.c. of the boiled water 
was r)'45 c.c. 

• The results are fairly satisfactory, even witli such large pnqRirtions 
of nitrite, firoportions far larger than arc liki'iy to be met with in practici*. 

Nitrates do not interfere, even when [)rcs(*nl in large quantities; but 
fresh urine, when [iresenf to the extent of I per cenL, has a small but 
vorj' appreciable effect. 

1 Ik* following is an example of the metliod at ordinary tomtieraturc 


Tt m^wraimr 15 '’ ('. 



Quantity 
ol Waier 

: 'I’liiOHulpliate 


•Milligrams 

Diflcrence j 


taken. 



per litre. 

' fioni mean. i 

1 

1 

322-0 ' 

1 10-45 

i 12-87 


' - 0-04 i 

2 

322-0 

15-55 1 

1 12-97 

10-07 

+ 0 04 i 

3 

232-5 1 

1 11*90 i 

1 9-43 

10-14 

i 0-11 

4 

232 6 

11-70 

! 9-23 

0-92 

1 - U'Jl 1 



• 

Mean 

10-03 

1 1 


Barometer reading 760 mm. 

10 03 milligrams = 7*02 c.c. at N.P.T. 

Hoscoe and Lu nt found 6*06 c.c. at N.P.T, Difference + O'OO. 
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,, 33. W i nk Ier’s Method as Modlfle<l by R idea I and Ste wart ‘ 
for Waters and Effluents.— The prineiple on which tliia method depends 
is the oxidation in an alkaline lii:|nid of manganfns oxide to a higher 
oxide of manganese, the subsequent liberation of iodine from [lotasaium 
iodide by this in the acidilied solution, and the titration of the liberated 
iodine by thiosnli<!iato. 

The following solutions are required :— 

1. n;, Permanganate (Ipflt gm. KMnitj per litre). 

2. Pnta.ssium oxalate (2 per cent, of the crystalline salt K.jO./),, HjO). 

.2. .Manganous chloride (22 [ler cent, of the i-rystalline salt MnClg, 

4H/)). ; . , 

4. A mixed solution of caustic potash and [lotassium iodide contain¬ 
ing 70 gm. KOTt'and 1(1 gm. KI per 1(X) c.c. 

0 . ,4liont '(/m sodium thiosulphate solution (about 12 gm. of the salt 
per litre).- ' 

Coneentrateil siilphnrie anil hydrochloric acids are also required (the 
latter free from chlorine). 

Method Of Pikicedukk : The temperature having been noted, a 
stoppered bottle of known capacity (200.350 c.c. when full) is completely 
tilled u ith the sample of water or citiuent (tiltored or unliltcrcd, as may 
have been decided), avoiding any appreciable aeration in doing tliis, 
and 1 c.c. sulpliuric acid is added, together with enough of the perman¬ 
ganate solution to leave a slight pink colour after the whole has been 
mixed and has stood for 10 minutes—the object being to oxidize any 
nitrite present t?i nitrate. If more than 10 c.c. of dccinormal per¬ 
manganate are required for this pur))ose, 2 c.c. of acid must he added 
inste.id of 1 c.c. The |)roper amount of pcrmangan.ate to he added is 
best detiM'mined by a preliniinarv tiial on oO c.c. of the original liquid ; 
this having been done, the amount required for the Iiottle-tull is calcu¬ 
lated and about O'l c.c. in excess of the calculated amount is added. 
The contents of the bottle are mixed by rotation and allowed to stand 
10 minutes, after which any excess of permanganate is destroyed by the 
addition of 0'.5 to 1-0 c.c. ot the oxalate solution by means of a jiipette. 
Hie neck filled up with the sample under examination, the stopper in¬ 
serted, and the bottle rotated as before. Tho colour quickly di^ajipears, 
and when decolorized 1 c.c. of the manganous chloride is passed to the 
bottom of the liiinid from a long pipette, and immediately afterwards 
2'0 c.c. of the mixed potash and iodide solution in tho same manner. Tlie 
stoiqier is inserted without air bubbles and tho contents mi.xeil by in¬ 
version and rotation. Tlie liberated manganous hydroxide absorljs ttio 
free oxygen. On staikling a tew minutes Iho proqjpitated oxides of 
manganese settle; the stojqier is then removed for a second and !> c.c. 
of |mro coneontrated HCI (free from chlorine) are passed to the bottom 
by a pipette. The bottle is then closed and again rotated, and kept in 
the dark for 5 to 10 minutes, with frequent shaking, till clear. The 
liquid is then transferred to a porcelain disli and the iodine determined 


‘ The A Mili/.il, 1901, 28, 141. 

2 Whim fttaiuhirdiiiiiig, the weight of I equivalent to 1 c.c. of thio.suhiliatc multiplied 
by 0 06303 (log. = *2‘79956) gives the oxygen equivalent in grammea. ^ 
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by thiosulphate and starch. ^Tho oxyj,'cn*o(|Uivalent of the latter boinif 
known, the amount of dissolved oxyg(‘n present in the sample is readily 
calculated. The rejigents being used in the concentrated form with a 
comparati\^?ly large volume of water the correction for the additions is 
small and can usually he neglected. Wlien, however, the oxygen is 
low, the reagents being presumably saturated witii* oxygen under at- 
mos[)herie conditions, will make the result too high. Th<5 correction 
tlien to be applied is: 

■* 11)00 o-Ra 

/ - ■ 

When^ . 1 , nt). of c e. of oxygen at N'/L’.P. per liPre of lh |uid. 
a - the amount of oxygen in c.c. found bv titratjon. 

V ~ the volume of the bottle. 
ii ~ the volume of the rcagenis. « 

U-^^no. of c.(;. of oxygon contained in a litre of saturated#, 
water at th<^ temperature of the experiment. 

(R can b(; obtained from H o s c o o and Lji n t’s table, or, preCcrably, 
is actually determined.) 

Note.— I gram of oxygen occupies OOD'TO c.c. at N.T.P. 

Winkler has dcsio’ihcd the following modification^ as ap[)lical)le 
to waters containing nitrites and organn* substances wliicli interfere 
with the pro<‘6ss giviui above. To ilie Imttle containing some of the 
waUn- under examination, manganous ehlorhlc solution and sodium 
hydroxi<le solution fi(;e from potassium iodide are ii«ld<Hi in the usual 
way, an<l a current of carbon dioxide passed in. The manganous 
hydroxide is thus conv(udcd into manganous carbonate and manganous 
hydrogen carbonate; about 10 minutes’ tifuitmcnt witli CO.j is suflicient. 
The prccipiLabi is now collected on a filter, vvaslied with a 2 per 
cent, potassium bica.rbonat(! solution, then dissolved in dilute liydro- 
chloric acid containing* potassium iodide, and the lilicratcd iodine 
titrated with thiosulphate. The manganous carbonat<‘ fs not oxidized 
by atmospheric oxygen during tlie filtration. • 

As a furl her im[)rovement G. Briihns - finds that if the li<piid, 
after pft'cipitalion, completely clarifies on standing, the greater part ^ 
may ho siphoned off and only tlie residue treated with potassium iodide 
and acid. Long standing, however, is not desirable, as the result may 
be affected by impurities in the water. The author also states that the 
thiosulphate solution keeps well if ma<le slightly alkaline to phenolphth- 
alein. 

The following^details of proce<lure are taken/rom the Eighth Report 
of the Royal Commission on Sewage Disposal ))y Dr. G. McGoway, 

C. C. F r y e and G. B. Ke rsa w •' 

For the determination of the dissolved oxygen taken up by effluents 

in 6 days it is recommended that, for purposes of a standard, the dilu. 
tion should be 1 vol. of efffUent plus 4 vols. of good tap water, and the 
test should bo made in duplicate. A mixture of 4 vols. of water and 
1 vol. of effluent will contain oxygon equivalent to about 4 to 4'5 parts 




' Z a. C, 1914, 83, 005. ^ Xnt,, 1916, <0, 985, 

• 3 Vol. if. Appi-tidix, 19l:l (Cd. 0943), 
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Ii*r 100,000 of effluent, so that in the casl of an effluent who.se figure 
for dissolved oxygen alisorption in 5 days does not exceed 2, soniotliing 
under 50 percent, of the availal>le oxygon will bol’efpiircd. This test 
involves the use of an incubator maintaining a temperature of 66“ F. 
(18-3“ C.). It is essential tliat the tap water with which the determina¬ 
tions are made slKlUld be at or close to 18’ C. This is conveniently 
managed by filling a Winchester ipiart bottle about two-thirds full 
with water and keeping it at that temperature over night. The bottle 
must be well shaken up some little time befon; the determinations are 
made (not immediately before, as in that ease the small air-lnd)bles 
would not have time to escape); this ensures the water not being super¬ 
saturated at liliat temiicrature. If the tenipcratuni of tin! effluent 
sample is below l8“ C. it is to be brought to a temperature of about 18° 
C. just before the determination is made. 

Method of Determination of Dissolved Oxygen Absorption in 5 Days. 
—Assuming the sample of effluent to have been taken in a half-Winchester 
quart bottle, the <'ontents are thoroughly mixed and two portions of 
200 c.c. each are poured into measuring flasks for the determination of 
suspended solids. The remainder of the effluent in the bottle is then 
well shaken for half a minub^ or so, in order to bring its dissolved oxygen 
content to something near that of the diluting water. The effluent is 
then diluted with 4 times its volume of tap watiw (note precautions 
given above) in a capacious llask. The contents of Ibe llask arc then 
gently but thorouf'hly mixed and four clean (niarki'd) hotth's, of 346 to 
360 c.c. cai)acity wnen quite full,' are filled (|uietly and cinicklv with the 
diluted effluent, a little being allowed to overllow. The botth's an! left 
unsto|!pered for .0 minutes, any liny air bubbles in the shotdder of the 
Imttle removed by tilting, th(!n stoppered, b<!ing completely full of 
li(iuld. Two of tile bottle.s are placed in the ineubatoi' for .6 days, 
while in the other two the oxygen in solution is at once determined as 
follows 

jO'O c.c. of sulphuric acid is .added, and then sullicient of the pi'r- 
manganate solution to h'ave a slight excess of the latter after the whole 
has been mixed anil has stood for 20 minutes (stoppered, of course); 1 
to 2 C.C. of the permanganate are nearly always suffieie.nt for this. After 
20 minutes standing (not less), the excess of permanganate is destroyed 
by the addition of about 1 c.c. of oxalate solution, the bottle being at 
once restoppered and its contents mixed. 

When the liquid has become colourless, the stopper is agam removed 
and 1 c.c. of manganous chloride is run in from a pipette at the bottom 
of the bottle, followed immediately by 4 c.c. of the iviistlc potash and 
[wtassiiim iodide solution; in this latter case the point of the |iipette need 
be only a little below the surface of the llipiid. The stopper liaving been' 
again inserted, the bottle is turned over once or twice to mix the con¬ 
tents, and after a few minutes turned over ag.yin and allowed to stand for 
a further few minutes ; this ensures good settlement of the hydroxides 
of manganese. 5 c.c. of HCI are now run in from a pipette, and the 
bottle is re-stoppered and kept in the shade for 6 to 10 minutes, with 


1 ill colit weatlnii these bottlee must tie warmed to about 18° C. before use. 
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occasional rotation. 20 c.c.<of the liquid are now pipetted out of tie 
bottle and rejected, and the remainder is titrated witli thio.sulphato, 
using some clear stafrch solution towards the end of the titration. 

At the end of 5 days tlie oxygen remaining in solution in the incu¬ 
bated samples is determined in the same way. 

Tlie dift'orence between tlie tw'o determinations ripresonts the oxygen 
taken up l)y the effluent in the interval. 

One vol. of effluent is mixed with 4 vols. of tap water and 
incubated. 

Dmcheti oxytjen in the, inUtitre ni dnH :— 

Vol. of botge 241 - 20 - 221 c.e. 

Thiosulphate u.sed = {i-OB c.c. (1 c.e.•01X12772 gfllrmygcn). 
Hence dissolved oxygen • • 

-= •'•0002773 X 6-OS X KKXXXJ ^ 100,000. 

221 

iJissolred oxy<je,n after mcuhation :— 

Vol. (»f bottle 1538 - 20 - :(18 e.c. . • 

Thiosulphate used ^ 4-1 e.o. 

This gives 0-488 part dissolved oxygon per 100,000. Herute, dissolved 
oxygon taken up by tlie mixture is 

0-817 - 0-488 = 0-320 pai't per 100,000. 

As the mixture was only I eflluent, tlio dissolved oxygen taken up by 
the oiUuent is 0-320 x 5 = 1 05 parts by w(dght per lfM),000. 

24. Method of Recording Water and Sewage Examination Results. 

Tlie report* of the i-omuiittoe appointed to establish a Uniform 
System of recording the Kesiilts of the Chemical and Bacterial B.xamiiia- 
tion of Water and S<iwage is as follows: That it is desirable that results 
of analysis shouldtbo expressed in parts per l(K),000 except in the case of 
dissolve<l gases, when tfiose should be stabMl as cubic coiitimctros of gas 
at O'" C., and 7()0 millimetres in 1 litre of water. This method of re- 
4-()rding results is in accordance with that suggi'sted by the committee 
appointed in 1887 to confer with the committee of the American Assoeia- 
tion for the Advancement of Science, with a view to forming a uniform » 
system of recording the results of water analysis. 

The committee suggest that in the ease of all nitrogen compouiid.s 
the results bo expressed as parts of nitrogen over 100,000, including the 
ammonia expolle<l on boiling with alkaline permanganate, which should 
be termed albuminoid nitrogen. Tlie nitrogen will therefore be returned 
as: « • 

(1) Ammoniacal nitrogen from free and saline ammonia. • 

(2) Nitrous nitrogen from nitrites. 

(3) Nitric nitrogen from nitrates. 

(4) Organic nitrogen (^either by Kjeldalil or by combustion, but 
the process used should be stated). 

(6) Albuminoid nitrogen. 

The total nitrogen of all kinds will be the sum of the first four 
determinations. 


Jlritii'li A-sj^oewtiou Rcjwrt, 18519. 
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c The committee arc of opinion that Uho porcontago of nitrogen 
oxidized—that is, the ratio of (2) and (3) to (1) and (4)—gives sometimes 
a useful measure of the stage of purifieation of a particular sample. Tln^ 
purification effected by a process will be measured by the amount of 
oxidized nitrogen as compared with the total amount of nitrogen existing 
in the crude sewagA. 

In raw sewage and in effluents containing suspended matter, it is 
also desirable to determine how much of the organic nitrogen is present 
in the suspended matter. 

Tn sampling, tlie committee suggest tliat the bottles shonhl !»»fille<l 
nearly completely witl,'’ the li<|uid, only a small aii-bubblo being allowed 
to remain b. vhe neck of the bottle. The time at which a sample is 
drawn, as web as th-^ time at which its analysis is begun, shoulil be 
noted. An effluent should bo drawn to correspond as nearly as possible 
with the original sewage, am/'both it and th(‘sewage should b(‘taken 
'in quantities proportional to the rate of How when that varies ('’.f/., in 
tlie emptying of a filter-bed). 

In ordiT to avoi^l the multiplication of analyses, the attendant at a 
sewage works (or any other person who draws the samples) might b<‘ 
provided with sets of twelve or twenty-four stoppered quarter-Wirndiester 
bottles, one of which slumld b(‘ fiil(*d ev<‘ry hour or every 2 hours, 
and on the label of each bottle the rate of flow at the time should Ik* 
written. When the botths n^aeh the laboratory, (juaiitilies would be 
taken from each proportional to these rates of flow and mixed together, 
by which means a fair average sample for tlu; 24 hours would be ob¬ 
tained. 

The committee at present are unable to sngg(ist a luethed of report¬ 
ing bacterial results, including incubator tests, wliieh is likely to be 
aeeeptable to all workers. 

Rules for Converting Parts per 100,000 Into Grains per Gallon and 

• Vice Versa. 

I'o convert— 

Parts [)er 10U,0(M> into grains per gallon, multiply by u-/. ' 

Grains per gallon into parts per 100,(KM), diviiie by ()-7. 

Grams per litre into grains per gallon, multiply l)y 7ff. 

25. Standards for Sewage Effluents. 

In 1H98 a Royal Commission was appointed to in(|uire and report 
what methods of treating and disposing of sewage (inel’nding any liquid 
from any factory or manufacturing process) may properly bo adopted. 
An Interim Report was issued in IfXll, followed by eight subsequent 
Reports, wliich api)oare<l from time to time from 1902 to 1013. Pro¬ 
visional standards for ju<lging the purity of t^fflueiits weregiv(;n in the 
Fifth Report, and are to be found in the Tenth Edition of this book. 
These, liowever, have been superseded by the conclusions stated in the 
Eiglith Report (1912), which w(‘re confirme<1 in the Final Report (1915).^ 


pM. 7S21.] 
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Tho most important result!^ arrivMMl at may liriofly be summarizod as 
follows: * . 

The nuisanee-pi»cUu‘inf( power of a normal sewage or cfflmmt is pro¬ 
portional to its power of <l(*o\y^^enatin‘' the wjiter of the stream into 
which it is discharged. 

The dissolved oxygen absorption test provi<les tl^e most trustworthy 
chemical index of the actual state of a stream and should he a<lopted 
for purposes of a standard. 

TlTe standard a<lopted for a river water is an absorption of not more 
than 0'4 part of dissolved oxygen pe^' 100,000 in 5 days at the temperature 
of 05'^ Falir. ^ . 

Tills figure (0-4) is termed the “limiting (fgure”forms the 
foundation iifion which tlie scheme of standards const’iuele»i. * 

A mixture comjilying with the above standard may lie expressed in 
ihe form of an eipiation :i.s follows : • 


wlno'e x - parts of dissolved oxygen per 1(K),000 laken up liy (diluent 
-• >} •) •• i'>V(*r 

water abo\(‘ outfall. 

- dilution (proportion of river water to elllucnl). 

Thus, if an cfThnmt is discharged into 10 times its volume of a very 
cl(‘an river water which itself takes ufi only 01 puvt#of dissolved oxygen 
in 5 days, the equation b<‘eoines 


;r + (01x 10) 

10 + 1 

X + 1 4-4 

,r - 3-4 


i.e., the eminent may be permitted to take up 3‘4 parts of dissolved oxygen 
per 1IX),000 in 5 days, and that ligure would lie the standard for that 
|)artic 4 i!ar discharge. 

A river of av<‘rago purity sliows an absoiqition of 0-2 part per 100,(MM) • 
of dissolved oxygim in o days. TTeneo for jairposes of calculation as 
abovci this valiK* should beassuim'd b) b(^ constant and represented by 
the ligure 0'2. 

For administrative reasons a fixed general standard should be re¬ 
laxed or made more stringent as local eircumstanees permitted or 
roipiircd. • • 

This general or normal standard for clfluents is thus defined: • 

An eltluent, in order to comply with the general standard, must not 
contain as discharged more than 3 parts per 100,000 of suspended matter, 
and with its suspended iuatters included must not take up at 65® F. 
(18*3'' Cl.) more than 2*0 parts per 1(X),000 of dissolved oxygen in 5 days. 

Tlie following analyses ‘ of ofHnents may bo found useful 


’ Kioiii Hul ciil and H u « paper on “ Tlie New Staudarils for Sewage Effluents,” 

.Incb/sq 34 , 1901»,201. 
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(Parts jier 100,000.) 

Pldluciit 

from 

liaufl. 

hiilupiit 

from 

LhikI 

Ktfluciit 

from 

t Baeteviiil 
Treatment. 

Etflueut 

from 

Bacterial 

Treatment. 

Total solids , . 

r.4-1 

80-4 

70-3 

5'J'4 

Suspended matter, total . 

Less than 8 

Loss than 3 

Less than 8 

4*40 

,, „ volatile 

— 

— 

— 

2*98 

„ ,, iion-volatile 

_ 

— 

— 

'1*42 

Ammonia, free 

o-r)H 

0 53 

0 95 

0*22 

„ albuminoid . 

Oxygen absorbed from IXT- 

0-20' 

0*075 

0*13 

0-17 






In 3 minutes^ at 80'’ F. 

In 4 hours at RO'^ F. " . 


— 

_ 

0*81 

0*05 

0-()5 

1-38 

2-23 

Nitrogen as nitrates 

1‘0‘J 

1-ni 

2-78 

1*95 

,, nitrites 

Chlorine. 

• 0*015 

0-04 

0-02 

0*03 

0*1 

7-1 

G-7 

5*5 

Dissolved oxygen absorbed: 





(n) in. 24-hours 

0*3 

0-0 

00 

0-02 

(6) in 4B hours 

0*8 

O'Oi 

0*80 

0-06 

(c) in 5 days 

1*4 

0*28 

0-72 

0*22 


26. THE PREPARATION OF REAGENTS. 

A. Reagents required tor the Determination of Nitrogen present 
as Amiiionia, Free and Saiine, and Aibuminoid. 


(i) Nessier’s Soiution _Dissolve (i2%5 gin. of potassium iodide 

in about 250 e.e. of distilled water, set aside a few c.e. and add gradu¬ 
ally to the larger part a eold saturated solution of mercuric chloride 
(of which about .500 c.c. will be required) until the mercuric iodide pre¬ 
cipitated ceases to be redissolved on stirring. When a permanent pre¬ 
cipitate is obtained, restore the reserved potassium iodide so as to 
redissolve it, and continue adding mercuric chloride very gradually 
until a slight precipitate remains undissolved. (The small i|uantity of 
potassium iodide is set aside merely to enable the niixturo to lit; made 
' rapidly without danger of adding an excess of mercury.) 

Next dissolve 150 gin. of solid potassium hydrate (that usually sold 
in sticks or cakes) in 150 c.c. of distilled water, allow the solution to 
cool, add it gradually to the above solution, and make up with distilled 
water to one litre. 

On standing, a brow'p precipitate is deposited, and^ the solution be- 
copies clear, and of a pale greenish-yellow colour. It is ready for use as 
soon as it is perfectly clear, and should be decanted into a smaller bottle 
as required. The reagent improves on keeping. 

The British Pharniacopa‘ia, l!tl4, gives the following directions for 
making ttiis reagent:‘ 


Potassium iodide 
Mercuric chloride 
Sodium liydroxide 
Distilled water to 


36 gill. 

q.a. 
120 gm. 
1 litre 
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Dissolvo the iodides a'ul 12'5 j'lii. of iiierourh; cliloride in 800*c.e. of water, 
and to tills Ihjuid athi a (.‘(lid saturated aqn(*ous solution of ineivufie 
fhloride, with constant stiri’ing, until a slight rod [iri^oipitati^ remains! 
Add the sodium liyilroxido and dissolve, then add a little more of the 
solution of mercuric chloride, and suflieient water to ])rodnee the retjuiriMl 
volume. 

This formula is more economical than the above, \nd is satUfactory. 

(li) Standard Solution of Ammonium Chloride. —Dissolve i mSgui. 
of pwe dry ammonium chloride in a litre of distilled water; of this 
take 100 c.e., and make up to a litre with distilled water. The latter 
solution will contain ammonia corVesponding to 0-00(M)5 gra. of nitrogen 
in each c.e. in use it should he nnuxsiirod fiofii a burette of 

10 c.c. capacity divided into tenths, or from a 1 c.e. pip«M.K:. Ammonia^ 
free distilled water must be used for making the ^olutioi!. 

[If it desir<Mi to dotorniino rathor than “ nltroifen an 

ammmtia" take l-u708 gm. of amiiioniiini ehloriclo instead of 1-flOM 
gm.; 1 c.e. will then correspond to O'OOOOS gm. of aninionia (NH,,).] 

(ill) Sodium Carbonate.— Heat anhydrou.s so<linm carhonjito in a 
[ilatinuni crncible for ahont an hour, fakiilg care not to fuse it While 
still warm ruh it in a clean mortar so as to break any lumps which may 
have been formed, and transfer to a clean dry wide-mouthed stoppered 
bottle. 

(iv) Water free from Ammonia. - If, when 2 c.c. of Kessler’s 
solution (A. i) is addeil to 100 c.c. of distilled water in a glass cylinder, 
standing'on a white surface (see Determination of^mmonia), no trace 
of a yellow tint is visible after 5 minutes, the water is sulliciently pure 
for use. As, liowcvor, tins is rarely tlic case, tlic following process must 
usually he adopted. Distil from a barge glass retort (or hette,r, from a 
copper or tin vessel holding 15 to 20 litres) ordinary distilled water 
wliicli has l)Con rendered distinctly alkaline by adiiitiou of sodium car- 
lionate. A glass Die.hig condenser or a clean tin worm should he 
used to condense the vapour; it should ho eennected>to the still by a 
short india-ruhher joint. Test tlie distillate from lime to time j\'ith 
Kessler’s solution, as above described, and wlien free from ammonia 
colleit the nunainder for use. Tlic distilhilion must not be carried to 
dryness. Ordinary water may be used instead of distilled water, but* 
it occasionally continues for some lime to give off traces of ammonia 
liy tlio slow decom[)Osition of tins organic matter present in it. 

,1. liarncs' has pointed out that distilled water can lie completely 
freed from ammonia by adding a little bromine and boiling for a few 
minutes. More rapid is the action of alkaline hypohromite in the cold. 
Enough bromihe is added to tlie water to give it a perceptible tint, and 
then a drop of sodium liydroxido solution ; after 10 minutos a lUtle 
potassium iodide is added to remove tlie nndecomposed hypobromite, 
and llio water is then lit for use in the determination of ammonia by 
Kessler’s test. • 

(v) Alkaline Permanganate Solution _Dissolve 200 gm. of stick 

I J. S. ('. /., 1896,13, 2.t)-25.'i. 



488 


VVATHli ANALYSIS. 


potash Mn v.atnr ill a largo potvolain rlisli and add a solution of 8 gni. 
0 # potassium perinaiiganate in wator, usii\g lldO o.c. altogother. Boil 
'rapidly until (.•onrout rated to about 000 o.o., add f^bout 2C)0 c.o. of hot 
distilled water, and continue boiling till tlio volume is reduced to a litre. 
When cool pour at once into a bottle. Kvery fresh lot of solid ion made 
should be carefully tested before being used. 

B. Reagents required for the Determination of Nitrogen present as 
Nitrates and Nitrites (Crum’s Process). 

(i) Concentrated Sulphuric Acld.*-This must be free from nitrates 

and nitrites. ; • 

(ii) Pe^*«>fm Permanganate. -Dissolve about 10 gm. of crystallized 
potassium pormangauati^ in a litre of distilletl water. 

(lii) Sodium Carbonate. —Dissolve about 10 gm. of <Iry, or an ccpii- 
valent quantity of crystallize i,V)dium carbonate, fri'e from nitrates, in 
'•<1 litre of distilled water. 

For the Determination of Nitrogen as Nitrates and Nitrites in 
*Waters containing r very large quantity of Soluble Matter, 
but little Organic Nitrogen. 

(iv) Metallic Aluminium.— As thin foil. 

(v) Solution of Sodium Hydrate.— J)issolvc KM) gm. of stick soda in 
a litre of distilled water ; when cold, put it in a tall glass cylinder, and 
introduce about 100 s((. cm. of aluminium foil, which must lie kept at 
the bottom of thosohdinn by means of a glass rod. When the alumi¬ 
nium ift dissolved, y)oil the solution briskly iu a porcelain !)asin until 
about I of its volume has Ihmmi evaporated, allow to cool, aii<l make up 
to its original volume witli water free from ammonia. The ahseiiec of 
nitrates is thus ensured. 

(vi) Broken Pumice.— (Mean luimice is broken in pieci's of the size 
of small peas, sifted free from dust, heated to redness for about an 
liuur, and kept in a closely stoppered bottle. 

^viij Hydrochloric Acid free from Ammonia.—The aehl sohl as “ pure 
for analysis” is nearly always quite free from ammoniacal contamina¬ 
tion. Only 2 or M drops are required for each e\[)erimcnf 

I 

For the Determination of Nitrites by Qriess’s Process. 

(viii) Metaphenylene-diamine.— A half [icr eiiiit. solution of tlie 
base ill very dilute sul|iliuri(' or liydroclilorie acid. The base alone is 
not permanent. If too bi!,dily coloured, it may lie bleaeliod by jiiire 
animal cliarcoal. 

/ix) Dilute Sulphuric Acid.— One volume of add to two of water. 

(x) Standard Potassium or Sodium Nitrite.— Dissolve O-tO.'i gm. of 
pure silver nitrite in boiling distilled water, and add pure potassium 
or sodium chloride till no furl her precipitate of^silvercliloridn is formed. 
Make up to a litre; let tlie silver chloride settle, and dilute 100 c.e. of 
the dear liquid to a litre. It should lie kept in small stoppered liottles 
completely filled, and in the dark. 

1 Tlir i'(|iiiviilcrit anioimt ol c.iustir onla, viz. Id gm., limy lio .sulintitiitvil. 
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1 j= O'Oi nigtn. No(.).;. ^ 

(Uy using 1*100 giu. oi hUvoi* nitrite instcatl of 0*405 gni. . 

,1 f.c. 0*01 ingni. nitrogen.) 

T1i( 3 colour produced by the reaction of nitron-^ acid on incta|)hcny- 
leneoliamine is triaruidoazo-bcnzene, or “ Bismarck brown 

» 

C. Reagents required for the Determination of combined Chlorine. 

(i) standard Solution of Silver Nitrate. Dissolve 2 4 gin. of re- 

crystallized silver nitrate in a litre of distilled water and standardize 
against a solution of pure sodium •chloride containing 0*8243 gm. pin* 
iitre(l(t.c. = 04)005 gin. chlorine). 1 c.c. silver nifirate solution - O’OtXlo 
gm. Cl, or when 50 c.c. of water are titrated, 1 c.c. = J pari 'ui combined • 
ehiorine ])i'r 100,000. • • 

(ii) Solution of Potassium Chromate - A .strong solution of pure 

n<‘utral [lotassium chromate fn*e from chlorine. It is most conveni¬ 
ently kept in a bottle with a ground glass cap and provided witli a 
small (li*o))ping-lub<^ ^ 

D. Reagents required for Determination of Hardness by Clark’s 

Method. 

(i) Standard Solution of Calcium Chloride. -Dissolve in dilute iiydro- 
chloric acid, in a platinum <iish, 0*2 gm. of pure crystallized calcite, 
achiing tin* acid gradually, and having the di^h eovennl with a glass 
[ilate, to piVV(‘tit loss by spurting. When all is diss'^lved, evaporate to 
dryness on a water-bath, add a little disl illed w’at(*r, and again evaporate 
to<lryness. Kepeat the evaporation several times to (*nsure eompleti* 
ex[>u!sion of frei^ acid. Lastly, dissolvi* the ealeinm ehlonde in <iisfilled 
water, and make nj) to one litre. 

50 e.e. correspond to 0*01 gm. CaCO;. 

(ii) Standard Solution of Potassium Soap.— Weigli *oiit 50 gm. of 

commercial oleic acid in a beaker and add 100 e.e. of an aleoholie potaMi 
.solution nnuh^ by dissolving 20 gm. of stick potash in 180 e.e. of /ft- 
da.'{//7V//*motliylat(3d spirit* and continue achling tin* same* solution from ^ 
a burette till a drop of tin; oloalejust gives a re<l colour witli pheiiol- 
plithalein spotted on a white plati*- about 10 e.e. more being rc<|uired. 
Measure the solution and make the voliiim* to 400 e.e. l)y the addition 
of imiustrial methylated spirit. 45 <*.e. of tin* strong soap solution thus 
obtained arc diluted with niethyiatc«l spirit (2 vols.) ainl water (1 vol.) 
to a litre, allowed to stand for about 24 hours, mtenul through a.double 
Swedish hltor and standardized against standard ealeinm chlorid^e 
solution. The solution w'ill he fouinl a little too strong, and is diluted as 
before to exact strength, whieli is attained when 14*25 e.e. are required 
to form a permanent latlier with 50e.e. of tin* standard ealeinm chloride 
solution. Tiie process is t*arried out exactly as in determining the 
hardness of a waiter. (When diluting the soap solution to exact 

1" liidiirttrial inetliyluted Njiirit ” i.h a duty-tree akohol tliat lia-s keen denatured by tlie 
addition of (Tudo methyl alouliol or wood spirit, of wldeli it contaiiis 5 per cent—and no 
petndeuin-spirit. ^ 
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strength, .nlil the re(iuisite amount of methylated spirit and water 
f.iixeil—not separately.) V 


E. Reagents required for the Determlnaton of Oxygen absorbed. 

Standard Solufion of Potassium Permanganate.- -Dissolve, 0 S95 gm. 
of pure potassium permanganate in KlOO c.o. of water. Each c.c. eon- 
tains O-OllOt gin. of available o.sygen. 

Potassium Iodide Solution.— One part of the pure salt dissolved in 
10 parts of distilled water. 

Dilute Sulphuric lAcid.— One part by volume of pur* sulphurie acid 
is mixiW "Otfli If parts by volume of distilled water, and solution of 
potassium pdlinang.anate dropped in until the whole retains a mri/fniid 
pink lint, after warming to 80' F. for 4 hours. 

Sodium Thiosulphate.— One gm. of the pure erystallized salt dis¬ 
solved in loot) e.e. of water. 

Starch lndicator.~The best form in which to use this is the solution 
desei'ihed on p. IH7. 


27. Characteristics of Waters derived from various Oeological 
Formations. 

Dr. ]{i d eal‘^'ives the following nsefnl summary of the .above:— 

Hard Waters, as a rule, .are furnished by the following formations: 
Calcareous strata of .Silurian, Devonian or Did Heil Sandstone, and Coal 
Measuj'es, Mountain i.imestone, bias, Oolite, Upper Dreensand, Chalk. 
Soft Waters, by Igneous, Metamorphie, non-ealeareous Cambrian, 
Silurian, Devonian, and Coal Me.asuros, Dower Dreensand, Dondon and 
Oxford Clay, Bagshot Beds , hardness l-li, averqge 4), and non-calcareuus 
gravel. Water from Danit Clay varies very much: some of it is soft 
apd pure, some of “ fair (|nality,” hardness 9-11 degrees; in Bedfordshire 
it often contains much lime and iron, derived from pyrites and eoprolites. 
Dower Greensand and shale waters are frequently very oidiroous/ Water 
from Oxford and Kimmeridge Clays contains much vegetable matter, 
and is sometimes bitnminons; other clays often include much sulphate 
ol lime and give waters of high permanent hardness. The new Ked 
Sandstone waters are generally briny and (|uite unfit for drinking, 
besides containing much sulphate of lime and magnesium salts. 
Magnesian limestone (Dolomite) also yields usually a bad supply. The 
water in porous strata below the central portions of cla'y basins is usually 
had, containing much alkali chloride and sulphate, and also sodium 
carbonate, due to the rain having percolated laterally through a large 
body of soil before reaching the spot, and having dissolved and accumu¬ 
lated the soluble constituents: from the pretence of alkali carbonate the 
lime is generally low, and there is often little organic matter. 

1 UVi/.’,' its /'iirifimtiiiii, [ip. 259-260. Detailed iiilorniatniu on lliie topic is 
given in an apiienilix to the book. 
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j8. the interpretation op the results of analysis. 

i • 

All figures ref<}r to parts per 100,000. * 

The primary form of natural water is rain, tlie chief impurities in 
wliich arc traces of organic matter, ammonia, and ammonium nitrate 
derived from the atmosphere. On reaching tlieground it becomes more 
or less charged with theVoluhle constituents of tlie soil, such as('alcium 
and magnesium carbonates, potassium and sodium chlorides, and other 
salts, which are dissolved, some hy a simple solvent action, others liy 
the ag<mey of <*arhonic acid in solution, draining o(f from the land, it 
will speedily lind its way to a stream which, in tlio earlier part of its 
eonrsc, will pr<fl)ftl»ly 1 h! tree from pollution by animal Vnatter, except 
that derived from ;my manure wliicli may have been a[)plie'(l to the land • 
on wliich tli(^ min fell. Tliu-i comparatively pure, It svill furnish to the 
inhabitants on its banks a supply of wajer which, after use, will bo 
returned to th(‘stream in th(‘ form of sewage charged with impurity, 
derived from animal excreta, soap, household nd'use, etc., the jiollution 
I.HMiig pm-liaps lessened by submitting the sewage to some pijrifying 
process, such as irrigation of land, filtration, 5r clarification. Thestream 
in its suhsc'jucnt course to tlu! sea will ho in some measure purified liy 
slow oxidation of the organic matter, an<l by the absorbent action of 
vegetation. Home of the ram will not, howcv<;r, go directly to a stream, 
hut sink through the soil to a well. If this be shallow it may be eon- 
si<ler(‘d merely a pit for the accumulalion of drainage from the 
iiiimcdiate'ly siirrmuuliiig soil, which, us the well is^n most cases close 
to a <lvv(‘lliiig, will he almost incvitiihly cliargoil with cxcretul and other 
rcfus('; so that tlie water wlien it r(*acli<‘s the wyll will he contaminated 
with solnhlo impurities thenci' dorlviMl, and with nitrites and jiitrates 
resulting from Ihcir oxi<lation. Afti'r use the water from the well will, 
like the river water, form se\vag<', ami find its way to a river, or again to 
the soil, according to ciscumstanci's. 

In tlic case of a deep well, from which the surface wafer is excluded, 
the comlitidiis are difrerent. The shaft will usually pass through «in 
im])ervious stratum, so that the wati’r entering it will not he derived 
from lltl! rain whii-li falls on the area immediately surrounding its mouth, 
hut from that which falls (in tlie outcrop of the pervious stratum below 
the iniiicrvioiis one just menlioiKHl; and if this outcroji he in a district 
which is uninhabited and uncultivated, Hie watm* of the well will pro¬ 
bably heentindy free from organic im[mrity or products of decomposition. 
But even if tlie water he polliite<l at its source, still it must pass through 
a very extensive filter before it reaches the widl^ and its organie matter 
will probably bo in great im^asurc converted liy oxiilutlon into bodies in 
themselves innocuous. 

This is very briefly the general history of natural waters, and the 
problem presented to the analyst is to ascertain, as far as possible, from 
the nature and quantity ot*tho impurities present, the previous history of 
the water, and its present condition and fitness for the purpose for which 
it is to be used. 

It is impossible to give any fixed rule by which the results obtained 
by the foregoing metlnxl of analysis shouhl he interpreted. The analyst 
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yiust fomilin independent opinion for each sain])io from a consideration 
of all the results lie has obtained. Neverlheless, the following remarks 
will jirobahly be of service. 

Total Solid Matter, 

Waters whicli leave a large residue on evaporation are, as a riihi, less 
suited for general doinoslic purposes than those which contahi less 
matter in solution, and are unlit for many niaiitifacluring purposes. 
The amount of rcsidiio is also of primary imjiortance as regards the use 
of tlio water ^.r steai‘/i boilers, }is the quantity of inerestation produced 
will chiTfftT*trepend upon it. It may vary considerably, apart from any 
unnatural p^dntion of the water, as it depends prineipally on the nature 
of the soil through or over wlneh the water passes. Jiiver water, wiion 
lait slightly pollutc<l, contains generally from 10 to 40 parts. Shallow 
well water varies greatly, containing from ‘M) to 150 parts, or even more, 
the proportion here depimding less on the nature of the soil than on the 
original pollution of the water. Deep well water also varies consider¬ 
ably ; it usually contains from 20 to 70 ])arts, but tins range is fre<piently 
overstepped, the (piantity depending largely n{)on the nature of the strata 
from which the water is obtained. Spring waters closely resemble those 
from deep wells. Sewnge contains generally from 50 to 100 parts, but 
occasionally less, and frequently much more. The total solid matter, as 
a rule, exceeds tljo sum of tlic constituents determined; the nitrogen, 
as nitrates and nitrites, being <*Hleul.ited as potassium nitrate, and the 
chlorine as sodium chloride; but occasionally tins is not tlm case, owing, 
it is likely, to the presence of some of the calcium as nitrate or clilorido. 


Nitrogen as Amnion ia^. 

tt 

The ammonia in natural waters is derived almost exclusively from 
animal contamination, and its quantity varies Ixd-ween very wide 
limits. In upland surface waters it .seldom exceeds 0‘008 p|irt, the 
average Ixung about 0-002 part. Jn waten* from <ailtivated land the 
average is about 0‘0()5, and the I’ange is gretiter, lieing from nil to 0’02r) 
part, or even more. In water troin shallow wells the variation is sogreat 
that it would In* useless to attempt to state an average, all proportions 
from nil to as mucli as 2'5 ]>arts liaving been observed. In waters from 
deep wells a v(‘ry considerable proportion is often found, amounting to 
01 part or even more, die average being O'Ol part, and the variations 
considerable. In spring water it is seldom that more than 0-01 part of 
nitrogen as ammonia oceurs, the avenxge being only 0 001 part. Sewage 
usually contains from 2 to 0 parts, but occasionally as nnicii as 9 or 10 
•parts, the average being altont five. Ammqpia is readily oxidized to 
nitrites and nitrates, and hence Us {»roscnce, in considerable quantity, 
usually indicates the alisence of oxidation, and is generally coincident 
with the presence of organic matter. Tliat sometimes found in waters 
from very deep wells i«, however, prolialily dm^ to suhseipient decomposi¬ 
tion of nitrates. , 
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Albuflinold Ammonia. 

Wn n k I y n ’ s stan<lai‘(ls for all>uininoi<l ammonia am 
ptirii^, O'O to <)-0041 pai'ts [lor 100,(MIO. 

Satisfactory, 0-004Uo 0*0082 „ 

Impure, ov(‘i* 0 0082 ,, „ 

In the absence of free'ammonia, In; docs not condcnin a water unless 
the albuminoid excee<ls *0082. ))ut a. water yieldinjf *0123 ho condemns in 
any ciftumstances. Wlum tiio allmminoid ammonia process was intro¬ 
duced it was well known that there was a varyin^^ relation between tlie 
(|uanliti<5s of albuminoid ammonia and the amounts of dillerent kinds 
of nitro^^enous t)rf?ani(‘ inathw. The nisearches (ff nnm'roiis cliemists 
have confirmed the inference that, altliouj,di a useful indication, too • 
much importance! must not b(! attached to this fi^uiT'c. * 

» 

Nitrogen as Nitrates and Nitrites. 

Nitrates and nil rites are prodiK’ed by tin; oxidation of nitrogenous 
organic matter, and almost always from animal matter. In \ipland 
surface waters the [iroportion varies from -nil to OOo part or very rarely 
more, but the majority of samples contain none or mere traces, the 
average bidng about 0*009 part. In surface W'aieis from cultivated land 
the quantity is miu'h greater, varying from nil, which seldom occurs, to 
1 part, the avin-nge being about 0*2.") part. The proportion in shallow 
wells is usually much gniater still, ranging from ml, which very rarely 
oeeiirs, to as much as 25 parts. It would ]»!*ol)ably l)(!^iseless toattempt 
to state an average, hut quantities <>f from 2 to 5 parts occur most 
fre(|Ucn!]y. In w'ater from deopwa'Ils the rangu is from ml to about 3 
]);u*ts, and occasionally more, the average being aliont 0*5 jufrt. In 
s[)i*ing w^ati'r the iang<! is about the same as in dt‘e]) w'ell woihir, hut the 
average is Komewlia.t lower. 

It sometimes hap[)(ufs that, wdien the supply of atmo'iphoric oxyge.n 
is ilelieii'ut, th(‘ organic matter in wateris oxidized at the o\))ens(! of the 
nitrates ))r<‘>cnt ; and <)<*casionally, if thequanlitie^ liaptxm to he suilaltly 
projKirti^ined, tluw an' niutuallv desj royed, leaving no cvidi'uceof pollul ion. 
This reduction of nitrates of((‘n occurs in deep well water, as for example, 
in that from w’clls in the- Chalk hoiieath London Cla^, wiien! the nitrah's 
are often totally ih'stroyed. In scwagi's. pntrefa<*liou spi'odily sets in, 
and during this condition tlie nitrate.s arc rapidly dt'stroyed, and so 
comph^tcly and uniformly that it is probably nci'-dless to attempt their 
determination, exee|>t in sewages wliicli an! very weak, or for other 
special reasons abnormal. Out <!f a large nun>hor of samples, only a 
very few have been found whicJi contained any nitrates, and those onLy 
veiy small (juantities. 

Nitrites occurring in di'cp springs or w’ells no doubt arise from the 
deoxidation of nitrates by^ ferrous oxide, or certain forms of organic 
matter of a liarmloss nature ; but whenever they occur in shallow wells 
or river water, tliey may he of much greater significance. Their 
prcsimce in such cases is most [irobably due to recent sewage contami¬ 
nation, and sucli w’aters must he looked upon with great suspicion. 

“In the or^ynary course of nitrification in nature the ammonia is 
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\rbolly confcrted into nitrite, tlie prcIiiniij'Jiry oxidation tonitritc being 
rapidly passed over, but if water containing nitrates is brought into 
conta<;t with organic matter, tliese nitrates lH;coinc‘more or less reduced 
to nitrites through the agency of certain micro-organisms, and hence 
the presence of nitrites generally constitutes evidem^c of contamination 
witli organic maf.er subsequent to the original nitrification, rather 
than to the latter having been imporfe<‘t. The fact must also not bo lost 
siglit of that nitrates can be reduced by certain microbes in tlie presence 
of organic matter with elimination of the nitrict nitrogen in the free 
state, or as oxides of nitrogen, and that a contamination of the nitrified 
water may thij,? lead b) the more or loss complete remo);;jt of the mineral 
nitrogen. 'IHfe absence of nitrates may thus, in some circumstances, 
a(.*tually indi«atc'coi.‘tact with animal matter instead of freedom from 
it ” (P. F. F r a u k I a n (1; W a r i n g ton; Af ii n r o). 


Total Inorganic Nitrogen. 

When organic, matter ii* oxidize<l it is ultimately iwolvaMl into in¬ 
organic substances. Its carbon appears as carbonic acid, its hydrogen 
as water, and its nitrogen as ammonia, nitrous acid, or nitric acid ; the 
last two combining witli the bases always present in water to form 
nitrites ami nitrates. The carbon and liydrogen arc thus clearly b<i- 
yond the reach of the analyst; but the nitrogen emnponnd«, as has 
been shown, can he accurately determined, tind furnish, ns witli a 
means of estimating the amount of organic matter which was formerly 
present in the water, but which has already undergone decomposition. 

The sum of the amo'unts of nitrogen found in these three forms con¬ 
stitutes then a distinct and valuable term in the analysis. tli(‘ onjauir 
nitrogen relating to the prrm.ut, and tlio total iiiorijdnii: nitrogen to the 
past conditions of the water. Since ammonia, nitrites, and nitrates are 
quite innocuous, the total inorganic nitrogen *<l<>cs not indicate aHual 
evjl like the organic nitrogen, but potential evil, as it is cvidmit that tlie 
innocuous character of a watm-which contains mucli nitrogen in these 
forms depends wholly on the permanence of the conditions of t^mpera- 
‘ ture, a«‘ration, filtration through soil, etc., which have broken up the 
original organic matter ; if these should at any time fail, the past con¬ 
tamination would become present, the nitrogen apfiearing in the organic 
form, the water being loaded in all likelihood with putrescent and con¬ 
tagious matter. 

In upland surface waters which have not been contaminated to any 
extent by animal pollufion the total inorganic nitrogwn rarely exceeds 
(P03 part. In water from cultivated districts the amount is greater, 
ranging as high as 1 part, the average of a largo nnmlior of samples lie- 
ing about 0*22 part. It is useh^ss to attempt any generalization for 
shallow' wells, as the proportion depends ^ipon local circumstances. 
The amount is usually large and may rcacli tin* enormous quantity of 
25 parts per 100,(XM). Waters containing 1 to 5 parts are very com¬ 
monly met wtth. In water from <lecp wells amf springs, quantities 
ranging up to 3’5 parts have been observed, the average on a large series 
of analyses being 0-5 part for deep w'olls, and about 0'4 part for springs. 
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It must be remembered that^the conditions attending deej^ uolls an-i 
springs are remarkably permanent, and the amount of filtration which * 
the water undergoes before reaching the well itself, or issuing from the 
spring is enormous. Meteorological <‘hanges here have either no effect, 
or one so small and slow as not to interfere with any purifying actions 
which may bo taking phSce. All other sources of water, and especially 
shallow wells, are on the other hand subject to considerable elianges 
A sudden storm after drought will wash largo quantities of polluting 
matter into the water-course; or <lissolve the filth wliich has been con¬ 
centrating in the pores of the soil during the dry season, and carry it 
into the well. &iiall indications therefore of a polluted irigin are very 
serious in surface waters ami sliallow well waters, but are of loss moment , 
in water from deep wells and springs; the prc^eid chara^der of these 
being of chief importance, since whatever degree of purification may be 
observed, may usually be treated as permanent. 

Chlorine. , 

This is usually present as sodium chloride, luit occasionally, as has 
beim mentioned before, it occurs‘as a calcium salt. It is derived, in some 
cases, from ilu' soil, but more usually from animal (‘xcrola fhuman 
urine contains about .“ifXl parts j)cr l(X>,0il0), and is therefore of <'onsid(*r- 
al)le importance in forming a judgment as to the character of a water. 
Unpolluted^ river and spring waters usually contain less than 1 part; 
av(‘ragc town scwag<- ahout IJ parts. Sliallow well A-ater may contain 
any <jiiantity from a men* trace up to 50 jtarls or cven’more. Its 
amount is scarcely aflT‘ct“<l by any <lcgreo of filtration through soil; 
thus the ofJIucnt water from land irrigated with sewage contMns the 
same proportion of chlorine as the sewage, unless it has been diluted 
by subsoil water or concentrated by <‘vaporatio». Of course, attention 
should he given to the geological nature of tlu' district fi^om which the 
water comes, the distance from the sea or other source of chlorine, etc., 
in order to <lccide on the origin of the chlorine. * 

** Hardness. 

This is chiefly of importance as regards tlie use of the water for 
cleansing and manufacturing operations, aiul for steam boilers. It is 
still a moot point as to the effect on health of liard and soft drinking 
waters respectively. The “ ti'mporary ” hardness is due to carbonates of 
lime and magnesia hold in solution liy carboniit acid. On lioiling, the 
CO 3 is driven off'aiul tlie carlionates dcposihwl.* Water free from CO.^, 
however, dissolves carbonate of lime and carhonate of m!igne>ia, eii<*li fn 
tlie proportion of about 3 parts p(*r 1(K),(KK). To this extent, therefoi'e, 
these salts may form part of tlie “permanent” hardness, which is 
mainly duo to the presenoe of sulphates, chlorides and nitrates of lime 
and magnesia. “Permanent” hardness is not removed by boiling. As 
the hardness depends chiefly on the nature of the soil through and over 
which the water passes, the variations in it are very great; that from 
igneous strata has least hardness, followed in approximate order by that 
from Metamorjihic, Cambrian, Silurian and Devonian rocks, Millstone 
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liOnciKii Olay, liatjaliot lieds, New Sandstono, Coal Measures, 
• Mountain Limestone, Oolite, Chalk, Idas, and Dolomite, the average in 
the ease of the tirst being 2’4 |)arts, and of the last'41 iiarts. As animal 
excreta coiuain a considerable ((nantity of lime, highly polluted waters 
are usually extremely hard. Water from shallow wells contains varying 
proimrtious up to cearly 2(111 parts o.f total hahineas. < No generalization 
can bemaile as to the lu-oportion of pin'manent to temporary liardness. 

Suspended Matter. 

This is of a less degree of imporfance than tlie matters hitherto con¬ 
sidered, Froth a saifitary point of view it is of minor 'Mterest, because 
■ it may be in mi|st cases readily and comphdely removed by filtration. 
Mineral sus|Sondod 'matter is, iiowever. of considerable meelianieal im¬ 
portance as regards tlie fornjation of impediments m the river bed by 
^ its gradual deposition, ami as r(‘ga,rds tln^ choking of the sand filters in 
water-works; and organic suspended mailer is at times positively in¬ 
jurious. and always favours the growth of minub; organisms. 


General Consideration.s. 

From the determinations which have boon described, it is believed 
that a sound judgment as to the ctiar,aider of a water mav be made, and 
the analyst should iiardiv lie content wdlh a less comjilete examination. 
If, however, from lack of time or other cause, so mneh cannot be done, 
a toleralilv safe ofjinion may lie formed, omitting the determination of 
total solid matter and liardness. 

In judging of the clfaracter of a sample of water, due attention must 
of conr'se be paid to tlie purpose for whudi it is proposed to be used. The 
analyst frequently has only to decide broadly whether the water is good 
or bad; as, for example, in cases of the domestic supply to isolated 
houses or of e,listing town supplies. Water wfiicli w'onld lie fairly well 
suited for the former miglit be very objectionable for the latter, wliero 
it'would 1)0 required to a certain extent for manufacturing [lurposes. 
Water which would be dangerous for drinking or cooking mav.lio used 
for certain kinds of cleansing oper.ations; but it must not be forgotten 
that unless great care and watchfulness are exercised there is consider¬ 
able danger of tliis restriction lieing neglected, anil especially' if the 
ot)jectionahle water is nearer at liand than the purer supply. 

It is often required to decide between several [irojiosed sources of 
supply, and here great care is necessary, especially if tlie differences 
between tlie samples .are not great. If possible, smiiplo.s should lie 
eitamincd at various seasons of the year; and care should tie taken that 
ttio samples of the several waters are collected as nearly as possible 
simultaneously and in a normal condition. The general character of a 
water is most satisfactorily shown by tiie avpr.age of a systematic series 
of analyses. River waters should, as a rule, not be examined immediately 
after a heavy rain when they are in Hood. A sudden rainfall after a dry 
season will often foul a river more tlian a mucli heavier and more pro¬ 
longed ilownfall after average weatlier. Similarly the, sewage discharged 
from a town at tlie beginning of a heavy rainstorm is iiipially extremely 
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foul, the solid matter wliicli has been aecumuhiting on th(i"sides of tlie 
sewers, and in eorners and '•■oeess<‘s, being raj>i<liy washeu out by tile 
iuerease^l stream. ^ ' 

The possibility of impyomnenf in quality must also be considennl. 
A turbid water may generally Ix' rendmvd clear l>y filtration, and this 
will often also effeet'some slight reduction in the quantity of organic 
iiiatter; but whilt; somewhat rapid filtration through sand or similar 
material will usually remove all solid susp(‘nded matter, it is generally 
neces?.tftry to pass the water very slowly through a tnnre efficient filtering 
material to destroy any large proportion of the orgauie matter in solution. 
Very fine ^and, animal cdiarcoal, and spongy iron are all in use for this 
purpose. Th(^»fpi:i.ntity of dissolved oxygen luufct not fie negle«-ted in 
considering the question of filtration. If the water »-ontains only a small* 
<juantity of organic matter and is well aerated, (he <|uantity of oxygen 
in solution may he suflicienl, and tlie filtration may then be (*ontinuous ; 
but ill many instances this is not the case, and it i'^ then necessary that 
the filtration should he intermittent, the water being allowcil at interval^ 
to drain off from the filtering material in ord(U'tliat the iattm* may lie 
well a<M'at(al, aftm- which it is again fit for '(t'ork. 

Hofteniiig water by Clark’s process generally removes a large 
quantity of organic matter from solution, it beingcarried down witli the 
(^ iicinni carbonate precipitate. 

It is evident that no very ilefinlte distinction can he drawn between 
<h*(q> and sliallow wells. In the foregoing pages, decfi wells generally 
mean sucH as are mm’e than 100 hx't ‘lisqi, hut there jy*e many considera¬ 
tions wliich qualilV this definition. A <lcop well may 1 k^ eonsidorod 
essentially as oiu^ the water in whi(*li has filtered through a considerable 
tdiickness of porous material, and whether tiie shaft of sucdi a^well is 
d(‘ep or siiallovv will (hqieiid on (ureumstaiu'es. If the sliaft passes 
through a bed of clay or other impervious stratum, and tiio surface 
water above tlnit is rigi<yy (‘xcliKleil, the well should ho classcil as “deep,” 
even if the shaft is only.a few feet in depth, ])e<'ause fhe water in it 
must have passed for a considerable distance below the clay. OnJ^lie 
other liaiid, liowevau' deep the shaft of a well, it must be considered as 
“shalH!)w” if water can enter the shaft near the surface, or if large 
cracks or fissures give free passage for surface water through tlie soil 
in which the widl is sunk. With these principles in view', the water 
from w'ldls may often he improved. Every care should be taken to ex¬ 
clude surhico water from deep wells ; that is to say, all water from strata 
within about 100 tV(d fnim tlie surface or above the lirst impervious bed. 
In very dee[i widls which pass through several such beds, it is desirable 
to cixamine iiie water from eacli group of pervious strata, as this often 
varh's in quality, and if tin* snp[>ly is sufficient to exclude all but tlie 
best. 

In sliallow wells much may occasionally be accomplished in a similar 
maimer by making tlie if|)per part of llio sliaft water-tight. It is also 
desirable that tlie surface for some distance round the well should be 
jiuddlcd witli (day, concreted, or otherwise rendered impervious, so as to 
increase tlie thickness of the soil through whiidi tlie water has to pass. 
Jlrains passing near tlie well should he, if possible, diverted ; and of 

;12 • 
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coui-se cessj oola should he either abolislied, or, it that is impracticable, 
removed to as great a distance from the wSIl as is possible, and in addi¬ 
tion made perfectly water-tight. Changes such as tliese tend to diminish 
the uncertainty of the conditions attending a shallow well, hut in most 
cases sucli a source of supply should, if possihle, be abandoned as 
dangerous at best. 



c. 


I’wjiiiUK'Ut 


Soi^rces III' Siijijilv. 


2’7 

H ‘‘2 

7-1 


5*3 

5-3 

1-5 


14-0 

5-3 

0-1 

1-2-7 


y-2;5 


I (latluTiiig ground ni Wiilc^ on Siluviaii fonnatioi. 
j 1*3 ]iarts iMialkadflrd ))or 100,000. 

I Upland Surface! source'-. • 

j Tk't'ii Suutli i.)o\vns. 

Sjiriiigs 111 trias?,i(^ (Hiiigloincratc and carlionifcrous 
limestone, also deep wells. 

From well in the Clialk, Fnlbmirn. 

(1) l-’rom wells ID Ulialk. * 

,, softened, as supplied to efuisiiijierft. • 

Upland sources. 

S[unigs and two deep wells (200 it.) - i 

! N, Warwieksliire Water Co.’s su})p!\. * 

j Wells and adits in tln' Chalk. 

! I)ee)i chalk welK. 
j R K\e, sand-filtered. 

j (1) h’ix.iin streams and springs, filfi'Ved thixuigh 
I iiiechanjeal filters ]ilns sulpliali' ol aluiiiuui. 
j (2) ]'>om U)>)iei‘ Trias, well 200 ft. de?p. 
j UniT water, filtered. ' 


10-0 I Wells in Chalk iindi'i- Woolwich and Tliaiiet beds, 
h’l Surface water from peaty soil icsting on l\rillstone 
(Int, acid. 

4-0 ' lieep wells in the Chalk, yielding water from the 

• Yoikslnn- Wolds, 

U).; 2-53 j Walei-slied (17,000 ai res) largely peal, over i^Iills^ine 
1 (Irit. Daily Meld (linn.) lS-2 mill, galls, 
i From I>erwen,. Valles (limeadded and wale^'ineeluiiii- 
' eulh lilleicd). ' 

— ; Jvnke \'yrnwy su]>i)ly. 

3- 3 j Well (UK) It.) at Rronislierrow, S. of MaKern ilills, ^ 

111 New lied .Sandsloiie (Hunter). 

4- 3 , Wells and adite in (3ialk, at Wingham 

0*7 ' Jmpomidnig ly.sojaoir on the Janie and the Balder,* 

'Jc'Cs Valley. 

4'H-5-7 Stream llowingm lime-tone distriti, and moorland 
waters fiom grits an<l Igneous rock'-. 

4*0 I ex lU Wi'iisum. 

Thames aRive King’s Wc'ir. 

1 Bivers ^V. Dart, Cowsie, Blac'kalirook, and Mea\y. 

' Chalk s])riiigs i.ssuing ]>etweeii (dialK and Tertiary 
[ beds at IIa\ant. Mm. yield 13 mill, galls, daily. ■ 

[ Weils and atlits in Chalk nfli'eted liy sea. ; 

Uplai^d surface water. Cf. Jjiiddei.slield i^iid Leeds. | 

I Wells in Upper Chalk, huse at suifaee. 
ex U. Bure. 

I 
I 


■84-1-2 

frO 

13-3 

h-O 

5-0 

10-0 

4-9 

G-H 

7-5 


4-8 

G-5 • 

0-7 

• 

— : (1) Active sewage iiollution going on, 

— ; (2) Soil filtered animal pollution in long-inliabited 
j area. Water boetenologically good. 


face p. 498. 





PART IX. 


''i'JK VOLPMKTRIO ANALYSIS OF UAS. 

By H. H()i,lin(Js, M.Sc., A.LC., and J. S. (L Tii(»m\s, D.Sr., 
A-R-aSr., A.LC. 

VViTHfN reccint years lias Imon a j^rowing teinl(*ncy to control techni-^ 
cal procossoK aiid to elucidate scientific prolficnis by the aid of volumetrii^ 
analys(5S of gas(S wh(?rover gas samples are available, with the result 
that much progress in the subject has boon iiia<lo since the appearance 
of Bunsen’s Gasonif'tnj. Compact forms of apparatus suitable for 
gas analysis under special conditions have )>e<’n <levis(id, and methods 
are availal)le for the accurate determina.tion of minute quantities of cer¬ 
tain gas(*s KUi*h as (*arbon monoxide. Geinurally, one can say that the 
subject is now one whieli will atfonl one or more methods for tlie deter¬ 
mination of the volumetric composition of any saiyple of gas likely to 
arise in techni<*al or res(‘areh work. In some cases it is [H')K8iblo to 
obtain an automatic record of the variation of the amount of a constituent 
jiresont in a stream of gas. 

Methods of Sampling.— Tln^ subject of gas analysis naturally divides 
itself into two parts, ( 1 ) the colleeiion of the saiai)le of gas and ( 2 ) the sub¬ 
jection of such sample te analysis. The actual collection of a sample of the 
gas in a sampling vessel is not in every case necessarv, as in some cases a 
stream of gas may he ctintinuously aspirated thmugh, and in other cases 
pass(al directly into the gas analysis apparatus. The operation of obtaining 
a samjihi of gas is one demanding great care on tlio part of the oiKwator. If 
the sample is to l>e witlidrrvvn from a source of sui)piy which is at a pres¬ 
sure gix^ater than atmosplim'ie, this excess pressure pan itself be onqiloyed 
to offeci. tin; passage; of the gas to the sampling vessel. Ot herwise' an ap- 
jeropriate deficit of pressure must be produceel in the; sampling vessel in 
order to effect the transference. A tuhe* is inserte;d into-the region con- 
buning the gas to he sampl<;d and the gas is transfeiTed to the sampling 
vessel by means of this tube;. Wherever {Kis^ihle the tube should be of 
glass, whieli can saf(;Iy be u.sed up to a tem|>erature of about 600° C.; 
above that temperature; a glazeel jK)r(;clain or silica tube should bo eni- 
})le>yed. Iron tubes should be avoided, as iron absorbs considerable 
quantities of oxygen at comparativ(;ly low t(‘mperalures. Gases such as 
H-jS and SO 3 have an action ujxm various metals and the use of such 
metals is to be avoided. If the gas contains mucli dust, the end of the 
tube inserted into the gas should bo plugged lightly with asbestos, glass 
wool, or cotton wool. If this is done it must bo remembered that, if such 
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as umio (‘oal gas is i)ass(Ml through a plug of this kind, there is a 
.liability for certain tarry constituents of tfio gas to be retained by the 
plug and to ovonnse a “ wjishing ” action ui>on any s*:bsc(pient passage (»f 
gas through the plug, thus causing the collected saniplo to differ from tiio 
original gas. 

The sampling vo^sel should in general havo’t^voluive of about 100 c.c. 
It is essential tliat all tubes and vessels used for sampling sliowffl be 
thoroughly eleaned. TJio iniu'r surfaeos of tubes and sampling vessed 
unlosH tiioroiighly ('leaned maybe contaminated with sulistanees*v\]iie]i 
exercise some mtluenee on various e(k!istituenis of the gaseous mixture to 
be analysed, this inliuyiK'e being either of a ehcMiueal nhvsieal uatiire. 
^Cleansing with a strong solution of caustic ^.Khl tollo\\(‘d by washing with 
distill(‘(l wat(‘Kand lli^i subsoqiuMit use of a warm solution of potassiuin 
di(;hromale to whieh some strong sulpliurie acid has bemi added consti¬ 
tutes a- satisfactory treatineift, tlu^ apparalus I>eing finally tiioroughly 
’'washed out with distilled water and driinl by the })assage through it of a 
current ((f dry filtenid air. Hubbm' joints may ])(', cm))Ioy(‘d to effect the 
juneturb of various pieces of^ipiiaratus, but care should bo taken that llu* 
minimum riiblHU' surface is exposed to the acthai of tlicgas. Tliiscan l)e 
achieved by bringing the ends of the tubes to bo eonnected as nearly into 
apfKisition as possible, or the end of one tul(e may bo insorh'd into tlu^ 
sliglitly (Milargcd end of the other and flio joint sc(*ured l)y rubber tubing. 
Good (jnality rubl/i'r tul)ing alone should be employed, and attention givmi 
to the lubrication of ml tat>; (see p. 5(10). It ih advisable to Remove tlie 
pings of all tapixfrdiii Apparatus which is not being us(m1. 

A (•on\«miunt i^^.^bod of sampling is illustrated in fig. 50. The end A 
is ius<‘rt(‘d into the g^ be sampled. Ity means of the three-way tap F, 
the por/ion AF is filled Wi.-’ mercury derived from B, the portion FK 
being similarly tilled wit^i iiiercm v by opening tiie tap K and raising D. 
In lieu of the of mercury in tlie pai't AF of the tube, which is not 
always convenVait, B mattVe eomiected with iln aspirator and tlu5 tulM* 
AIJ filled with the gas to be sampled, the ta*p F being suitably turned. 
1) l)(‘ing now raised until the mercury Is at F, the tap F is turned so that 
A is put into communication‘With the eamj)ling vessel G and, by lowering 
1), a sample of gas is aspirate^ into C. ^tetaining C and 1) m tlicir relative 
{lositious the tap E is dosed, d is disconnected Yrom th(5 sampling tube AF 
and connect(jd to thoNvalysisa’CSscl, to wliich the sam})h; is transhn-red by 
oijening E and raising D. ^ ! 

A very convenient modificetion of tlpi method sketclieu '' Og. 50 is 
shown in fig. (iO. The sampliDg bottle A is placed on a shelf as shown and 
is conneet(‘d with the vtssel B containing mercury. Tfiree shclvcis are 
lll^3vidod for the bottles. The «ide tuWs of the bottle A are furnislied with 
mercury reservoirs attached t (3 three-way taps so that the Hid(^ tubes may 
be completely filled with mercury. The vessel B being placed on the 
uppermost shelf and the taps (jf A being appropiifatiOy opoiu'd and adjusted, 
mercury flows fi’om B into A until the latter is comp)ot«!ly filhd with 
mercury. Tlic taps of A are now closed and, if necessaiy, the side* tub<^s 
completely filled with mercury from the i-estirvoirs. To takii a sample of 
gas, the side tube Cis connected totlie point from w'hicli it is to be drawn 
and B is removed to the lowest shelf. The taps C and D^irc then opened 
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aw far as no^a^sssary and a saniplo of gas is aspirated into the I'essel A. If 
desired, when sampling, th('*rul)t)er tubing eonnoeting A and B mayl*Q 
removed atul a smaB capillary tube, bent at right angles, aUacho<l to I). 




The rate of sampling is then Vasily controlled l)y regulating the rate at 
which drops o^morcuvy fall from the end of this capillary. 
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j.Fi'eqnentlj' water saturated with the gas to be sampled, or an aqueous 
solution of gly(‘erjn, magnesium chloride or sodium chloride is employed 
as the aspirating !i«]md in sampling vessels of the tyjit described and with 
other ty]x<s. The use of such li<iuids is notgcmcrally to bo recommended 
as considerable variation in the percentage composition of a gaseous mix¬ 
ture is possible owing to the varying solubiUty‘>Mth t<»mperature of the 
different constituents of the gaseous mixture. In cas(!s where a high 
degree of a<*(?uracy of analysis is (Essential, the most suitable lirpiid for use 
in a sampling vessel is mercury. Gray^ has shown that ordinary 'indus¬ 
trial gaseous fuels and their products of combustion may be stored over the 
more coiu-entrated aqi^eous solutions of glycerin or magnesium chloride 
without fear of any considerable (diange 
of comjwsition, but that prolonged con¬ 
tact and agitation with the liquid should 
be avoided. It is preferable that the 
solution used bo saturated, previous to 
sampling, witli the gas to be sampled. 

For many purjxisos tlu^ form of 
sampling vessel illustrated in fig. fil, 
provided witli ground stop-eocks at 
either end is very convenient. If the 
stop-coeks are lubricated as doscribod on 
page 509, such a sampling vessel will 
satisfa<'torily preserve a sample for a 
very eousichu’able period. Occasionally, 
however, it is necessary to seal up a 
sample of gas, and the following method 
lias been devised by Sodean^ (Fig. 02). 
Tlie sampling vessel consists of a cylin- 
drieai bulb of about 200 (m*. capacity 
joined at the npffer end to a narrow tube 
draw’n down to a caj)iilary for sealing at 
A and at tlie low(»r end to a tube of alwut 
7 mm. Ikh'c drawn down for sei^Iing at 
the j)oint B about 4 or 5 cm. bcjlow tlie 
bottom of the!" bulb. Wlien it is desired 
to (‘ollect a sample, the low’er end is con¬ 
nected to a mercury reservoir by means of india-nibbor tubing and the uppiu' 
to the bent capillary side tube of a T-piece, this aiTungoment being adofib^d 
in order that any condensed moisture may pass straight to the asjiirator 
instead of entering the saibph^ vessel. After the sample Irtisbeen collected, 
the tube is sealed at A and B m the usual manner. In onlor to transfer 
the sample, the low'er tutie is nicked with a glass-knifo near the junction 
with the bulb. The end B can then he easily broken off with the fingers 
beneath the surface of mercury in an ordinary iwrcelain trough. A 
crucible is then slipped under the ofion end and the tube transferred to a 
mercury trougli, when a (!apillary siphon, filled with mercury can readily 
be fiassed up through the open end of tlie Uilx; and the requirial portion 
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of gas drawn into the measuring tut»e. A single cylindrical #bull) can^l)0 
used many times by sealing sliort pieces of tubing to each of the open endj? 
and drawing same (Jown for sealing. 

Fr(M]nently occasions arise for th(‘ collection of a sample of gas which 
shall fairly represent, tlie average compositio[\ of the gas over a con¬ 
siderable |>enod.« It is cleat’ that, in this case the rate at which the 
sample is collect(Ml should at anytime be proj)ortlonal to the quantity of 
gas t^i 1)(* sampled at tiiat time. Arrangements <*an sometimes be made 
whereby this may lie effected. When a gas sample is to be collected in 
the sampling vessel at a uniform ra^e, it is obvious that this result cannot 
be a<*hieved tiie forms of sampling ves.«els hitherto d(‘* 
siM’ibed witimiit tedious adjustment of tlie tap or tnj)s and 
then the adjustment can be only very apjiroximatc. 

G N. Iluntly' lias described a form of sampling 
vessel in which tin* ra-te of oiit-flow of ihercury is con¬ 
trolled by a tap and maintained eonstant by a. .Vfariotte 
tube thi’ough wliich the gas enters the sampling vessel 
(see fig. fi3). By this imvms the rate at 'idiich the gas 
can be drawn into the vessel is maintained c<)i>stant 
witliin 1 per emit. Witli the ordinary hu'in of sanqiling 
vessel, the rate of sampling can be maintained constant 
witliin narrow limits by aftachiiigto the oiilict a. length of 
tubing so tliat th(‘ head of ontilowing li<|ui(l is therelty 
increased, G ra y'^ has designed a very etiectivi* method 
for the colleclion of a small average sample of gas l^kmi 
at a uniform rate ov<y* any specified i>erio<.l whicli may 
be varied at will. The din’ice is illustrated ih fig. 04. 

It consists essentially of an ordinary gas-sampling tu)><* 

N, which may be filled wifli mercury from tlu‘ l>ottl<‘ G, 
attached to a rescrv’oir J which is <•ount(‘l•poised by a 
vessel li floating in water in a tank Q, tlu^ Hoat being 
connectefl with J, by mej?ns of a coni whicli passes over 
the pullcv P. The float maybe a tinned iron vessel or 
glass ^lottle containing tlH‘ necessary quantify of water or 
load sliot to establish tlu^ balance. The height of the tank 
must be greater than the fength of the sampling tube N. 

The overflow tube I should bo slightly longm' than N an<l 
the length of the wicte tube H should slightly (‘xceed that 
of I. Tlie jet V under a pressure whicli may bo regu¬ 
lated by adjustment of tlie overflow W delivers sufliciiuit wafer iluring 
the sim'ified pGiiod to raise the level of waUn* in tlu^ tank to a height 
equal to the length of the sampling tube. As tlie wafer level ris<?s,4he 
reser\'oir J is steadily lowereil, so that the gas is ilrawn at a uniform rate 
into the sampling tube, ami the niercury displaced esca^M's by way of the 
lube i, and is collected iij G. By means of a suction pita; A, dischai’ging 
into the drain pipe B, a rapid current of gas is drawn along the tube F, 
which isconneided to tlie flue organ main, a suitalile filter laung interposed, 
if necessary, to retain any solid paHicles, The coniit'ction 0, between tlie 
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and tul)c F, is pudoraidy m5i<!o pf capillary tnbin^^ or 4 ins. 
bng to prevent tlu^ difTusion of gas backwards from N to F: if desired a 
small noii-rotiirn mercury va!v(' may i)e ins(‘rtod at tlds point. Tlie flasks 
C and E, serve to indicate that the gas is passing freely along the tube F, 
and at tlie same time act as a safel y valve ; so long as the tube F nmiains 
clear, tin? gas pass(‘s‘‘throug)i E, but i.*’ an obstruulion air is di-awn 

through the bottled, thus prev<‘nting the jmrnp from drawing nuM-cury 
out of the 8ami>ling tube ami discharging it down the drain. To start the 
apparatus the tube F is connected with the gas supply and a rapid current 
of gas is drawn through F hv the filteV pump. The rubher t^ibe connect¬ 
ing the jet V wifti tin* \Tater supply is tlnm <-losed by theWi^' S and water 



is allowed to run into T, and to overflow freely through \V, the Indglit of 
which has previously been adjusted to the desinai levid.*' Water is now 
ruff from the tank Q till the top of the ovm'flow tubi^ \ is at tlio level of 
the shoulder of tlie gas tube N, and J ami N arc now lilled with imwcury 
by raising the bottle G, after which the clip K is closed and the liotilo is 
replaced in the position shown. The capillar^' 0 is finally filled witli 
morcury by raising J, the lower sto{) cock of the sampling tube is closed 
and J is then lowered to its former position. The samiding tube and the 
capillary 0 are at this stage completely tilled with mercury, J is filled to 
the overflow pipe which is level with the point whore the capillary joins 
the shoulder of the gas tubti N, and tlie operation of sam{jling may now 
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1)0 <*ommoiK‘(Ml by oponin^^ Uio lower fttop-cock of thoj^a!^ tuboifinil starting' 
tiio flow of waior from flio jcl V. Ily iisin^? jots of various sizos or t:i,n* s 
of various diamotoi* the tiuK* of sam[)linj( may bo \ano(l within wi<io 
limits. A variation etnploviM;.^ a clock in plac<‘ of the water tank and float 
is also doscrilied by Ura y (loc. cit.) 

Purification of*Mercri^y.— Tlie rTjorcury used in analysis—whetlier 
in the samjiling vess(>l or in the analysis apparatus—should l>e carefully 
piirifipd. iVlercLiry oontaminaiecl with impuritu‘s clings to glass, and 
accurate readings are an impossibility under these conditions. It is de- 
sirahio that all pieces of apparatus emjiloying mercury sliould be set 
up on a woo'ien, base having a. ral^ed edge \\|«ic|i \\»I1 scr\e to re¬ 
tain any nnu’ciiry spilt during any of the 
collection of the ni(‘reurvthe base should 
be fnrnisbod with a. small hole in one 
corner through which the mercury may 
be Hwei)t and recovered, the liole, being 
ordinarily c.IoschI witli a cork. Should 
the mercury be<-oim' eontamina.teil will) 
dust, efe., tlie first slage in its purifica¬ 
tion I'onsists in tiltralion. For iliis pui-- 
pose a, pi(!cc of liani filter paper is folded 
as usual and placed in a filter fiuiind. 

A small boil' is tlam made in the a[)e\ 
of the filt/^r paper by means of a i»in, 
nnc] the mercury iioured into the filter 
HO forim'd. Any dust, etc., <-ontaminat- 
ing the mercury is ndainod in tlie filler, 
logother with a little mereury Another 
good method of i-h^ansing mercury is to 
put a. basm undm-neath the middle ol 
a [)iceo of damp eliambis leather, jiour 
the mereury into the lifatlicr lestiiig 
in the basin, gather up the sides and 
corners of the leather and twist them 
tighter an<l tighter until all the mercury 
i^ s<|U(H'zed tbrongli the •pores of tlx' 
leatiKU’. The dust and dirt are r<‘tained on the upper surface of the liaitlier. 
Having been subjected to the prclimmary juiiifica,lion, the impure mer¬ 
cury is nest subjcete<l to the action of dilnlc nitric acid. The menairy 
is placed in the funnel A (see tig. 05) tlie stem of wldcli ends in a fine jef. 
The mereury parnscs from the jet in Ihe form )»f n line spray and is sub¬ 
jected to the action of dilute nitric acid fl part of com', acid to 0 of water) 
contained in the glass tube Jl, about 1 metro long The end of il is bent 
iiitoS formas shown. The mercury in the limb C i-ountcrbalaiiees the 
column of liquid in B. J-V)ien sufficient mercury has collected at the 
bottom of B, it flows over by vva.y of the S tube into D. The action of the 
apparatus is found to b<‘ more satisfactory when tlie discharge of mereury 
from the S tube is intermittent ratlicr than <‘ontinuoiis. When the mercury 
is discharged in tiie form of drops into D, there is a tiuidem-y for some of the 
sqliition to beeiyriod into the S tube wJiich nliiniatciy becomes cliokcd witli 


o[)era.tions. For eonvenieilei' ot 
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mercurous nitrate. The operation should he repeated a second time and 
the more my hnally passed through a column of water contained in a similar 
washing tower. The mercury i.s then drtod hy heating to 100° C. in an 
evaporating dish with constant stirring and, if necessary, is then passed 
through a hole in the apex of a filter paper as ilescribod above. The 
inoreury obtained Uy this process of piiriticatiOp may,bo found suitable 
for use. If this is not the case, it is further subjected to a process of 
distillation iiiidcr reduced pressure A form of mercury still very^much 
employed and requiring little attention.is the Clark still in which the 
mercury is distilled in vacuo. .Mereury is liable to contamination with 
cadmium and a'lic and, since these ari' volatile, distillatjc'Vi'' vacuo does 
not remove them, hi u I o 11 and M i n c h i n,' therefore, recommimd 
‘that the distillatioli be carried out in a vessel in which the pressure is 
kept so reduced by means of a pump that a slight and controllable current 
'of air is bubbled through tlid mercury during the distillation. Tinder 



these conditions, the volatile metals, cadmium, zinc, etc., form iion-volalilc 
oxides, and it is possible to obtain complete purilication of the nvu'cury 
• from these metals. The process is carried out in an apparatus of the 
form shown in fig. 611. Tlie mercury is contained in the flask A, having a 
long neck. To the side tube of the flask an air condenser, as shown, is 
sealed. The end of this condensm-passes through a wooden cork into the 
flask B. C is a similar llask tilted with wooden cork which serves as 
catch vessel should water be sui'ked back from the filter pump serving to 
reduce ttie pressure in the system. Air in controllabld* amount can be 
biftjblcd through the mercury in A by moans of the tube F whicli passes 
tliroiigh the neek of the flask A and is drawn out .to a fine capillary at its 
lower end. This tube is joined to tlie flask by a piece of rnblier tubing as 
shown. A piece of rubber tubing which can tie closed by the screw-clip 
E, is provided at the upper end of tho tulie. The flask stands on a sand 
bath and is surrounded by a shield of .asbestos. The mercury having 
been introduced into A, the Alter pump is sjtarted and heat ajiiilied. The 

1 /Viysiog llemew, lyO.!!, 21, 388, 
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screw clip E is so regulated that one or two bubbles of air per^ second pass 
into tlie mercury. Should tlfo boiling become violent, this is (checked ?)y 
opening the tap D and ho admitting air W the a])i)aratus. in a little 
while distillation of mercury coinmenees and the pure mercury collects 
in B. The method i§! one which has iM;en found to yield mercury, tlu^ 
surface of which uemainsnintavniKhed in a loosely stfippered bottle fora 
poiiod of at least a yoai’, and is to bo I'ccoinmended. 

Mpreury jnay alsf) readily b<! prepared of sufficiont purity for gas 
analysis puri)ospK by placing tin; mercury, together with some concen¬ 
trated sulphuric acid to whicli a little mercurous sulphate has boon added, 
in a strong gl^^ss yesscl fitte<l with a stop-cock through which the moriairy 
may bo drawn in a dry and clean condition as iVjUirod for uso. If a 
current of dry air is oc<‘asi<mally aspirated through tlio uontonts of the* 
vessel, the purification process is mahu'ially hastened The air curnuit 
should be drawn through a V-tube contaii.'ingcalcium chloride, this tul) 0 ’ 
being itself permanently attached to tins purification vO'Sol. • 

Stop-Cocks.— Olass 8top-co<;ks constitute an (^sstmtial part of the ap¬ 
paratus used in gas analysis, being omploytvl in most forms of oami)ling 
vessels and in the analysis apparatus. Various forms of stop-cock mv, 
available. In the simplest form (fig. 67) wt^ luivo two Ioa<iing tubes 
wlii<‘h may be connected by a hoio drilled through a slighlly conical plug, 



the leading tubtis being situahHl diametrically opposite one another, the 
hole of the plug bcMug d'rilled at right angh's to the axis of the cone and 
continued into tlie barrel. • Such a tap if well ground in and widl lulaacatod 
—two desiderata friMjuently missing -may b»i use<l with vi^ry little feilr of 
leakag^e of gas past it, even wlien a consitierable ditfiu’cnce of pressure is 
established between the inside and outside of tin'vessel wliich the stop- , 
cock itloscs. The chief ohj^HU.ion to the use of a stop-co(!k of such simple 
construction is diuj to tlio fact that in the process of grinding-iii the plug, 
a piece of the abrasive employeil may grind a small riug cither in the 
j)lug or the barrel, and if siu'li ring exist at tin* common level of tlie 
ojicnings in tlie barrel a bsak is jiossible from oiu* si<tc of tlie plug to tlie 
other., Sucli a ♦iault is l<‘ss freqjuontly met with in stop-cocks of this con¬ 
struction in which the leading tubes are narrow—say of 1 mru. lore; or 
less—and such stop-cocks may be employed witli very little risk in gas 
Hualysis ajiparatus. Tlie aliilityof such stop-cock to prevent leakage of 
gas should, however, lie tested from time to lime. A simple test is affonted 
l>y subjecting a measureef volume of air contained in a vessel closed by 
the stop-cock to a definite pressure, the t(*m|X‘rature Ix'ing maintained 
constant. Any leak is then reatlily dete<*te<l by altcu'ation of the level of 
the containing liquhl in the vessel. 

The fault just mentioned is prevented in the stop-cock of the type 
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illustrated in fig. 68. In tliis the loadintj tuI>eR are connot'tod to tlui 
i)arrel at points situate in a dianiotral plane of tho lairnd but not at dia- 
motrically opposite jxdnts in such plane, i.e. not at tiio saiuo l(‘ve!. The 



Flo. tW. 


Jioio ill tho ]>Iug IS bored at an inclination to Ihe :i,xis so I hat \vlien 
required the liwling tubes can bo eonnoctod across tho ttarrel hy suilabic 
adjustment of the plug. 



Pm. nu. 


Threc-wav taps are of llireo kinds: (1) those in which Ihe three 
leading tubes aro.situalo in the same plane and in whit-li the plug is 
bored in T-form 60); (2) tlinse in which llie leading tiibf's he in a 

I 


Fio. 70. 

• dianjetrai plane of the plug, the plug lamig h.qvd witli Iwn holes incIliUMl 
to the axis (fig. 70); r.i those in whicli one leading tube is jiaraile! to ilni 
axis of the plug (fig. 71). Of these stop-cocks it is clear that l>-pes (1) ami 




Fm. 71. 

(S) suffer from tlie defect already menliomMi, vi/. the tiiree leading tubes 
being all on the same level, should a ring lai ground In tin' plug or ba.nvl 
leakage will occur past tlie plug. Typo (1), however,^possossiw thp 
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a<lvantaj>(! Uiut all tliroa tuhos (;;ui Iw put inlocommunieation^at tlie same 
tiiiKS an<l coimminication car? bo ostahlisiual between any pair of tub<A. 
The sccoiid type 70) was introduced by(ireincr and Friedrich. It' 
(diminati's tln^ defc'ct rederred to and is t.lie most generally Uhcd. The 
Ihird type^ is not to be recommended as the j)lu^ is liable to 1x5 loosened by 
motion of thiM)ther |)arts*>t' thp apparatus. It poss(‘?jses the advantage, 
liovvever, that the plug, Inmig snitaldy bored, communication is possible 
l)(!tw(xm any pair of tulies and yet in no position of the plug arc all three 
tubes’tn communication. Fig. 72 shows a three-way stop-eock jn’ovided 
with nien-nry cups, these Ixnng e-iyployed to atford additional security 
against leakagf^ of gas more especially when a con^paratiyely poor lubri- 
<-ant such as pbospliorn- acid is employed to lubi ichti^ th(; slop-cock. 

[.ubrication. -Tlnw'fficiimt inbricatatn of stop-cocks.is a rnattiu’ reqiiir-’ 
ing consideia,blc athmtion. It must rcmcmbeiVd that it is afforded 
in giuKU’al by a. film of iiilnicant of Lhiikness approaching mole<-ular' 
diimmsions. No incrcascsd lidaicafing eth'ct is produced by the ind'if-' 
ci'iininato covering of the ping with liibiicaiit. The following lubricant is 
I'ecommciided b\' Sir Ib'rbcrl .Tackson : Si\ parts of black. rubber 



Fig. 72. 


lubingare hcafial with live paitsof vaseline a.n<lono part of sola! parafliu 
until the whole of thi^ rhhbe.r dissolves, the temperature ^(migsnch as to 
cause considerable evoliit nln of vapour from the vaseline, while iiisiiffici<mt 
to [nil'll till* rtiblHM. Tlie Inbricaiit is th<m allowid 1o cool an<{ is appfiod 
carefnyv to llu'. plug in sina!! fjuaiililv, the plug and l)ari'el liaving been 
pnwioiisly cleaned by means ol a. soft dusliu', cun; lieing taken that no , 
grit nmiams on eitlicr t»lfig or barnd. In lubricating the plug, care 
should b('tak(;n to avoid (dosing with Inbncjinr the lioh; drilloil through 
fin; plug. Tlie plug is then insert(;d in the barrel and tui'iied sev(;iM.I times, 
until tli(‘ tap appears (|uite transparent and stii^aks are entirely abs(;nt. 
Ksiiecial care should Ite taken in tin; hiliricalion of the. tap of explosion 
v('ss(ds. On no .icconnt must any Inhrieant bo pri'sent in the tubes lead¬ 
ing, to tin' stop-cock. Any lubricant present in sindi position is buint 
when the gas(‘Oiis mixiun; in the vess(d is (;xplod(;d ainl tin* analytical 
result may be exiremidy (.u'roiieouR on Ibis account. The taps of such 
explosion V(;sse.ls should, Jlierehire, bi; lubricated with the minimum 
amount of lubricant very carefully applied to the plug. 'I’o avoid the 
possibility of error duo to the cause iiicntioncil, pho.sphoric acid is 
frequently used for the piirpos^e of lubricating such stop-cocks. 
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PREPARATION OF ABSORPTION ANp EUDIOMETR C TUBES 
- WITH INSTRUCTIONS FOR ETCHING, GRADUATING, ETC. 

B u II s 0 n in tlin various procossos of gas .analysis dovisod liy liim used 
two tulles for purjioses of iiieasiirement and analysis. The tubes are 
known respectively as the .alisorpt,ion tide and the eudiometer. 
He generally aehii'ved the alisorption of various constituents of a 
gaseous mixture by means of reagents used in the form of bullets. 
The eudiometer differed from the absorption tube in being of i;reater 
length but measurements of .volume wore made in both tubes. 
Morooien, the eudioineter was provided with means whereby an 
e.xplosion of a mixture of Ihe gas to be analyzed aTong with oxygen 
could bg effected. Although the various type.s of ap[iar.atu.s uscil in 
gas analysis have departed very considerably from the simplicity 
of the original Ilunse). apparatus, they all make use of tubes in 
which \arious measurements of gaseous volumes are made. Such 
\olmnes can, of cour.se, be referred to the length of tube occupied 
bv the gas in question. The length of tube so occupied can be 
ilelerniincd by readings taken uith a cathetometer without refer¬ 
ence to any graduations on the tube itself, and volumes so deter¬ 
mined are probably of the highest accuracy possible. Brielly the 
cathetomelei’ consists of a telescope mounted so as to be capable 
of motion both in a horizontal and vertical plane. Us imsithin in 
the latter pltuie being indicateil by a scale. .More generally, how- 
(wer, considw. aliens of quickness, demand that readings of the 
volumt! shall be made by refcrenc<' to a sca,h* engraved on the tula^ 
itself. We proixi.ee, therefoj'c, to do.scribe*iu .somi' d(!tail the )ire- 
pAration of what will s<u'\e as the type of all such lubes, namely, the 
Bunsen eudiometer. The eudiometer has a length of from 70 to 
BO cms. and a diametoi- of about 2 ems. and is closed at one end 
(see tig. 7*1). Into the closed cuid two platifium winw arc .sealed, so 
as to cnahh^ the oix'rator to pass an ehuAric spark through any gas 
which the tidie may contain. The moile of sealing iji the platinum 
wires is as follows: When the end of the tube is closed and while 
still hot, a finely ixointed blow-pipe llamc is directed agaifist the 
side of th(^ tube, iit the ba.sti of the hemispherical end. When the 
glass IS s(]ft, a iiieci! of white hoi platinum wire is pressed against 
it and rapidly drawn away. By this means a small conical tube is 
[iroiluced. This operation is then re[x‘atcd on the opiiosite side 
(fig. 74). One of the conical tubes is next cut otf near to the eudio¬ 
meter so as to leave a small orifice (tig. 75), Wirough which a 
piece of moderately thin platinum wire, reaching about two-thirds 
across the tube, is passed. The fine blowpipe flame is now brought 
to play on the wire at the (loint where it enters the tube. A small 
piece of glass enamel is fused on to the w^e and the top of the orifice 
through which the platinum wire is inserted, the joint is well heated, 
and a perfectly gas-tight joint results. The enamel serves to extend the 
[icriod during whii'h the joint remains gas-tight. It it should bo observed 
that the tube has any tendency to collajfse during the heating, it will 
bo necessary to blow gently into the ojien end of tljp tube. This 
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may be done conveniently by means of a long piece of rubber tubing 
connected to the eudiometef, the operator thus being able to watch tlie 
process more easily than if the mouth wm-e applied directly to the tube. 
When a [jerfoct fusion of the glass enanu!! round tln^ wire and on the tube 
has been effected, tlie.iwint on the opposite side is cut off, and a second 
wire sealed in tlnjrc! in the same manner (fig. 7(!). The end of the tube 
must bo allowed to cool very slowly; if proper attention is not paid to 
this, fracture is vtu-y liable to ensue. When perfectly ecjld, a pi(!ee of 
wood with a rounded end is passpd uji tlie eudiometer and the two wires 
carefully pressed against the end oh the tube so as to lic^ in contact with 
the glass with a,,gap of 1 or 2 mm. between tlndr points (fig. 77). It 
is for this pni'ijose that the wii’es, wlnui sealed in, are made to reach so 
far across the tube. The ends of tim wiiy^s proje<;fin^ oi'jtsid(; the tube 





are then bent into loops. •These loo|)s niiisl bi; carefully treated, for, if 
frequently Irerd, they are very apt bj briaik oil close to the glass; liesides 
this, the beniling of the wire Kometimes causes a niinnte 
crack in the glass which may spread and rum I he tidre. 

Tliese rlifficnities may bo obviated by culling off the wire 
eloso to tbe glas#, and carefully smoothing lliwends b\ 
rubbing them with a piece of ground glass until they are 
level with the surface of tlie tube (tig. 78). In order lo 
make contact with the terminals of the indnetion coil, a 
wooden clip, the prongs ot wliieli aie separately lined on 
their inner asfieets with platiunm foil, is made to grasp 
the tube in sncli manner tliat the resiieetive pieces of 
foil make contact with one or other of the terminals of the platinum 
wire. The pieces of foil are Connected eacli to a separate loop of strong 
platinum, and ,to tliese the wires from file eoil are attaelied. Perfect 
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contac.'t is tlius (Misuivd helwetMi the foil and platimini wires, and it is 
to (‘l(‘?ui the (lutsidt; of the oiidiometeKwiihoiii fear of injiiiy to the 
instrninent. 

It will now Im^ iK'cessary to determine w'hether the lass is perfectly 
fused to the win.'s. For this purpose, the eudiometer is filliMi witli mercury 
and inverted in a tp>n‘,di of jiunvury. Tiie tnl^e is elaniped in a vortical 
I>osition. It the tnlie is of sin-h leiivtli tliat a Vaeiioiis space is loft over 
the surface of the nH‘reiir\ in it, tlum if tlie [K-)sition <if the surface of the 
mercury remains constant ovei’ a period of a few minutes, the v;ir< s hav^e 
Ix'on satisfactorily sealeil in. If tube is so short tliat when it is in¬ 
verted the mev-'iiry epmpletely tills the tiilie, a little air is admitted to 
the tube until the smf.ieo of llie nno’enry is bi-ou^dit jiftt ticlow the level 
’of tlie iKiinl at wliicli tin' wires are fiise<l in. An observation of the love! 
of tlie mercury in Die tube as alrc'ady described will tlu'n enable one to 
■ ascertain whether the wire> In \e b(*en satisfactorily si^aled in. 

• Graduation of Burette.— In the Rnnsen mi'lhoilof j^as analysis, the 
measurement of <jaseons volume after oxpinsion witli was mad(‘ 

in the''cndionuder lube itself. In all modern forms of <;jis anaUsis 
apparatus, therms, after explosion, is transfen-ed to the so-called hart tin 
where volume moasim'inents are made. 

This tube is graduated in Die following manner: A cork is fitted into 
the <‘nd of the tube, and a piece of stick, a file or anvtliiiig that will make 
a conveniimt luindle, is thnist securely into the cork. Tlie inhc is heatc'd 
sliglitly throughout its whole length by Iteing rotati'd and rapidly passed 
backwards an<l for^i'-ards a number of limes through tlui Imt gases from 
a Biiiisim bhrner. A mimher of other methods whereby the tube may b(^ 
luxated to the reijiiired vemperatiire—i.o. a l]t(l<’*.d»o\(‘ Dk* nu'lting point 
of parafan wax will present themselves, e g. the tube may be jtlaeed in a 
metal tube jackided with steam or other vafnair. The h(‘at«‘d nihe is 
then I'oated with nielte<l wax by means of a caniel-liair Inaish. Soim*- 
times a few dri>j)s of turpentine are mixed wntli «1he wax to render it less 
brittle, but this is not ahva>s necessary, df, on i-ooling, it is found 
that tiie coating of wax is not uniform, ihe lubi! may be placed in a verti- 
<-al fiosition before a tin^ ami slowly rotated so as lo heat it (w«*nly. The 
wax will then he evenly dl^t^l•uted on the surface of the glass, thfj excess 
flowing otF. Tin* tnlx* must not he raised to* too high a temperature, or 
the wax may hecoiiH! to*) thin ; hut all tliiek masses sliould l)e avoided as 
tliev mav prove troublesome in tin* subso<jnent o|H‘i'alions. In placid of 
parafliii wax. the tii))c may be coal<‘<i with a tliin and (wen coating of 
Brunswick black diluted with Iienzol. 

The best and most .‘o'eurate metlnxl of marking tlnj divisions on the 
vvox is by means of a diviiling engine; but tin* moix^ usual piVx;ediiro 
is to copy the graduations from another tube which has already been 
graduated. In some cases it is d(!sirable to graduate the tube so that 
reaifings mado thonfcn indicate afiproximately volumes in (‘.c., negii‘cting 
for the present the inevitable errors, whieli wilt be accounted for liy sub¬ 
sequent calibration. In other cases the scale engraved on Die tube may 
b(f a millimetre scale, etc. In citiior ease, a haul glass tube on whicli 
appj‘o[)riat(5 divisions liave already been ddeply eb-hod is fixed in a gixxive 
in the graduating table as i-howri in fig. 70. {When the graduation of the 
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tube is to bo iu millimotros, a standard stool scale appropriately marked 
may be substituted for the lufrd glass tube, with advantage in the sub¬ 
sequent operation of graduation.) A straight edge of braes is screwed 

■ 33 * • 
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d<^vn on \.\)» lube. The waxed tube is Bocurcd at the otliorondof the 
same f^roovo betw(;on two ]>rass plates, li'io one with a straight edge, 
and the other with nofclujs, apiiropriate to th<; divishns on the standanl 
sealo to be engrave<l, (*voi’v fiftli notcli Ix'ing sliglitly longer than the 
others as shown in fig. 80. A beam oonipass is eonstructeil of a wooden 
rod about 3 ft. long as in fig. Hi. A sluu’p st^el jxjint is provided near 
one end and a penknife blade is mounted so as to slide fj eely along the 
rod and bo fixed at any desired part of tlu^ rod by means of a, serew. Ad¬ 
justing Iho penknifo blade at a suitable .distance from the steel point, the 
scale is transferred from the one tube to the waxed tube. In general, 
the distance bd.aveon .die knife blade and steel jHunt sl^ould be made ns 
largo as convenient. 'I'iie iransfeiTed graduations will be in reality small 
arcs of a oircb* of large radius, and if the radius is sulficienily large, such 
arcs are for all practical purp->ses indistinguishable from straight linos. 
‘The beam conii)as.s is held sb that the steel poini rests in one of the 
di^^isions of the graduated tube or scale, being gcmtly pressed at the 
same time against the edge of tlio brass plate; the point of the knife- 
blado U then moved by tlie operator’s right hand across the porlion 
of the waxed tube which lies exposed betw^.cu the two brass plates. 
When the lino has been scratched on the wax, the jxiint is moved 
along the lulic until it falls into the next division; another lino is now 
scratched on the wax, a>nd so the process continues. At every fifth 
division, the knife blades will enter a notch in the brass plate making 
every fiftli ilivision slightly longer and every tenth ilivi^ion slightly 
longer still. Aftr.' a little practice it will be found easy to transfer 
fifty or sixl)/ divisions per minuio and witii perfect rogularitv. Before, 
the tube is moved from the groovi*. it must‘'lie carefully cxamineil 
to see Whether any mistake of graduation lias been made. It may 
have happened that during the graduation tlie sti^el point slippinl out of 
one of the divisions of the stamlard scale; such anoccmronce is readily 
iletccted an<l corrected by toiu'hing the wax with a piece of heated plati¬ 
num wire, after which anojlier line is markial. ‘ 'I’he tube is now removed 
from the groove and once more examini'd. If any jxn’fions of wax have 
been serapml off, llic coating must Imi repaired with a hot. pluliniim wire. 
Numbers liave ik'xI to he etched op[xisit(^ eacli Tenth liivision, beginning 
from the elosed end of the tube, the first division b(‘ing marked 10, and 
appropriately sifnaled with regard to the end of the tube (sei; fig. 77 ). 
The fignre.s maybe made with a, sleol pen. This has the advantage of 
produeing a (lonl)lc line when the nib is pressiMl against tin? tube in 
making a down strokic The date, the name of tlio maker, or an appro¬ 
priate nnniber should novv bo written on the tube. 

The scale is now' etcluMl on the tube in the following manner: A piece 
of Idotting paper is cut to a size somewhat larger in length and breadth 
than tlio Seale to he (‘ngiaved and is laid on the si-ale. The blotting })aper 
is then moistened with liydrofliioric acid, care being lakcn tliat all air 
bubbles are pressed out from between I he paper and tlii'i glass. The 
hydrofluoric acid should on no account tiaieh the hands, and the fumes 
should not ho inhaled. Tlic progress of the etching process can bo gauged 
by removing tlie blotting paper and scraping a portion of wax from one of 
the lines. ]f the division can bo felt with the finger nail ^r iho point of,a 
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knife the is (inislysl; if not, the wax is rcplaeed^ the hne/e- 

etored, and the scale oiuMi more covered with the Mottinj,' pajM)!* which, it 
no(?cssary, is aj^ain InoisteiKMl with hydroliuorio acid. 

The (dchiii;,^ may also he effected with f^aseons liy<lroHiionc acid, tl)c 
wax tube hci^{^ snj'jvrtcd liouzoiilatiy over a Ion*;, naiTow, lea<Ien trough 
containiiif^ sniphiwic aciYatid jiowdyns) Htior-spar, tht) access of vapour to 
the inside of tlio tube })(‘ino puivcntcMl liy means of a cork 

WJiielievi'f process of et<-hmo' is cm])lovod, llic liihe, wtnm siiflicicntly 
eiclicd, is wasli((d with wab'r. then lieated slnrjitly and tin* wax w1pe<l oft 
with a warm cloth. Alternatively, the hnrette may ho immersed in 
cold w'aler, tlj(‘ ♦vax scalinj^ofF owinjj lo the j,o\fder contraction of the 
glass. ^ , 

Calibration of Burette. --The bnr<‘(te havings been grailnati'd ami 
etched as ahovo, it do<‘s not follow that e<inal 
dilTorc'iiiais of nxuUngs at various parts on fhe, scab; 
eorresjiond to equal volumes, as all glads tubes are 
liahhi to certain irregularities of diaimder and, 
moreover, tin' graduation ean neviu’ Im', performed 
without expi-rimeiital error. In order to ascau- 
tain tlie <leparture from this ideal condition, the 
tube is siibjoclcd to a, pioeoss of caJiliration. 

Briefly, this consists in asc.-rfaining the dilferene<‘ 
in nsading of a, liijidd meniscus wlieii an equal 
V(jhmn‘. of li<[uid is willulrawn from the huretti; 
at various successive parts of its length. For 
this purpose, iho lj<]Uid em[iloyed in the eahhra,- 
tion should he the same liqui<( as is suhse(]uent!y 
to )»e used ill tlie burette. In the g?‘cat majority 
of c;is(w, and cei'tainly in all cases aiming at aiam- 
racy, mcr<-ury is the liquid so employed. The 
hnndte is lirsi tiUed willi cJ(cm men-ury, care 
iieing taken that no air bul)l>I(‘s are entrajtjied 
between the mcieiirv and the sidc'.s of tln^ tube. 

'I'liis ^an he iiehieved liy ])ouring tlie im'n'Ury 
itih) tli<^ lidte in small j)ortions at a tim<‘, inclining 
tlie luh(^ a litth* and ta])ping the tube, wlum any air bubbles so entrapped 
will run to the surfaces ot ll)«‘ mm'diry This process can ho ct>iitimi(*d 
tliroiighout Ihc whole length of the tube until the imuvnry fills tlu' 
burette to the r(‘quir(‘»I lewd. TIu' biindtr' is now set up in a. vertical 
position a,nd is attached to a pi[»elb; itf from 2 to 5 e.e. ca[)aeit y as suggostml 
by O-it w'ald. ♦(See tig. 82). The meivury* is al]owe<l to pass very 
slowly from the burette until it stands al the level A in the Osi^^ald 
pijxdte. The ](Wid of the surface of the nuu-eury in the bmvth‘ is read, the 
ev(‘ Ixdiig placed (‘xactiy on a le\(d w'lth the surface of the mercury. Iho 
placing of tho (^ye in tiie j^oper po.sition may he ensured in two wciys. A 
small piece of looking glass, is placed hidiind and in contact witli the fnhe. 
The hemlis now jilaced in such a pt»sition that tin* reflection of (ho pupil of 
tlie eye is precisely on a level^wdth the surface of tho mereury in tlie tube, 
and tho corresponding ri*ading on the tnhe is taken. A method much 
U) be prcf(n*roii consists in viewing^ tho surface of tlie mercury and the 
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comispondinp reading of the tube simultaneously by means of a eatheto- 
mAer telescope. The imago of the surface of the mercury is lirought tothe 
centre of the held of the telescope, iudicalcd liy the cross wires in the eye 
piece, and the reading taken. Tlie tcdescoix) has the advantage of magnify¬ 
ing the graduations and thus facilitating the estimation by tlie eye of tenths 
of the <iivisions. pig 83 n^presents the, a|))K\jranco ,of the tube and 
mercury as seen by an inverting telescope, the niading being 38’6. The 
meri’ury is now allowed to pass slowly from the burette to the piiiette 
until the level of incrcur'v in the latter slaiids at B. The tap of the 
burette is then closeil and the volume,of mercury contained between the 
marks A and B'of the,, pipette delivered to a weighing, bottle of known 
weight. The weight of" the inereury is determined amt its teiuiierature 
hoted. The operation is continued Ihroughout the length of the burette, 
the weight of nun'imry containcil in the pipette being ascertained only 
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thrice during the process, viz., at the commencement, alsiut the middle, 
anil towards the, end of the process. The last'determination should not 
cause the level of the mercury to pass beyond the graduated jwrtionof the 
scale. The tempci'ature should not vary aiiiireciably during the calibra¬ 
tion. The three weighings should agree to within one part in lOOO 
amongst thenuselves, and the mean of them should be taken for purposes 
of calculating absolute vo'mme.s, should this lie rci|uired. 'Ihe volnme of 
the mercury between the marks A and B of the jiipette is 

. / (1 + O'OOOIBI t) 

13-69ir" ^ 

where f 0 is tlie temperature of the mei’enry and g the weight in grammes 
of the mercuiy eontained between the marks A and B of the pipette de¬ 
termined as above. Tlie volume betw'eon the zero and the last calibra¬ 
tion point is separately detenniiied by running out the inereury until 
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the meniscus stands at the zero mark, weighing such jnorcuvy and 
calculating its volume. Thti zero may bo etched at either side of tig', 
capillary tap, but Jor purposes of adjustment it is best situate a little 
distance on the side of the tap away from the burette graduations. 

We have by the process of calibration divided the tube into a number 
of parts each of ogual volume. i As j,n o.'camplo of tin method of calcula¬ 
tion, let us assume that the following represents a series of readings ob¬ 
tained for successive positions of the niercni’y surface :— 


48-2 

. . 431 

38-0 
32-8 
27’7 
22-7 * 

17-r. 

12-4 

7-3 

Moreover, let the mi^an weight of tln^ mcicni'y contained between 
the marks A and B of the pipiAie, ascertained as above, lui 70*04 gm. 
and the mean temperaluic Ifi'S" C. Also let the weight of mercury 
contained betweem the mark 7*3 and the zero be 9!l*42 gm. and the 
temperature 16*7° (I. Then the volume fi'oni the ^cro to the gradua¬ 
tion 7*3 * 

!»*42 (1-I •000181 X 16*7) ' 

= - 13*69(r ^ =7*33c.c. 

The stanilard volume njn out by means of the pipette is, in like manner, 

$ 

70-04 (1 H- 000181 X 15-5) . _ 

13*590 =-'"•*'* 

We are now able to coifstruct the following table:-- 


Reailmg of i 

C’orre»ix>tidiiig Volume 

Burette. i 

ii.f. 

c-■ ■ 1 

7-3 i 

7-3:3 

12*4 ' . 

7*33 H- 5-17 - 12-50 

17-5 

12*60 -t 6*17 = 17*67 

22*7 

17*C7 -1 6*17 = 22*84 

27-7. 

22*84 -f 6*17 = 28*01 

32*H 

28*01 -b 5*17 = 33*18 

38-0 

33*18 -b 5*17 = 38*86 

43*1 

38*35 + 6*17 = 43*62 

48-2 . # 1 

43*52 -b 6*17 = 48*69 
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A ooiTftction has to be intro<iucod owing to tiio fact that daring 
tin/process of calibration th<5 coinavvity of thiMnionisciis is tiirneil towards 
the tap of the burette wliih; wlien used in gas aiia\v!^i«, tlie concavity 
is directed away froju the tap. A little <‘oiisidoration (sec tigs. 84 and 
85) will at once enable one to see that the actual volume of gas eneloM'd 
between the tap and the surface of the iii<u*eu|T (•onv.sjwniding to any 
given reading, say ten, is grt'ater imddr tin* actual conditions ot use than 
is tlic ease under the conditions of calibration. If walcr is used in the 
burette for analysis and (‘alibralion purinisos, the meniscus is concave 
upwanls and the correction instead oj'being a<lditive, as in the <'aso ot 
morenry, is sulVractive. The correction nei-cssary on account of such 
curvature is known as* the iiirniscitf fitrirction. It.s NaiKie lias 
ascertained by lliuiscn^ for tubes of various diameter. Winkler- 
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has determined the value, of the correetiou for moreury and water, and 
is of opinion that Itunson’s corrections are bKi low. Snbsc-juent 
investigations by (.Tdckel-' indicate that Hu,nsen’s lij;un‘K are sub* 
stantially correct, although this view is e.onlrovi'rted by Winkler 
in a subsequent paper.■* Values for the meniscus correction have also 
been given by Goppe rt/' who foun<l higher values for wet mercury than 
was the c<a'*e with dry mercury. Tlio following t.abl(! gives vhat may 
bo called the double meniscus correction, as detert.ninci! liytibckel for 
water and mercury: — ‘ 

UiiH.mii'fi-i-.rln- Mefhi>t/fii,‘2i\i\ Edition, p. ^8. 

“ /i'll, ani'il, ('/lem., 1901, 40 , 403. 

''Xdf. aii'i. 1903, le, 49. * ^ Th(K, 718. 

I)ie U(i,s(i,ii(il)ific I'li'l ihre iihysniloffir^rhc Aniiriuluiiijt 188.6, 
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Diameter of Tube. 

> r)<}uble Meniscus Conectioii c.c. 

mm. 

MiT'-ury. 

Walor 

1* / 

• *004^6 

••0021 

2 

•0052 

•0013 

3 

•0090 

•0093 

4 

•0128 

•0141 

5 

’*0200 

•026 

6 

•027 

•030 


•035 

» -062 

8 

♦043 

‘ *081 

9 

•056 

»1I4 

10 

•068 

• -144* 

11 

•080 , 

•190 

12 

•091 

•230 

13 

•101 

•263 

11 

•118 

•291 

V) 

•140 

•343 

16 

♦162 ’ 1 

•395 

17 

*174 

•143 

18 

•185 ; 

•492 

19 

•181 1 

•520 

20 

•J77 1 

•548 

21 

■ISO 

•605 

22 

•382 

•003 

' 23 

•179 

•70S 

24 

■176 

*.•754 

25 

•176 

•800 


Assuming tlioii that our Inirctto has a <linmotcr of 1 S cjii. wo see that 
IIn^ m'ovioiis table lias to bo correeted l)v llie addition of OdO (‘.o. lo each 


of the values in tlio r'vond coluinu 
foII<i\vs:^- . 


Ueadin^ of 


7-3 

12-4 

17-5 

22*7 

27-7 

32-8 

38-0 

43'1 

48*2 


The tal)!e so amended a))))eai‘s as 


(Jorn'sjioiiiliiig N'oliiniii 


7 f)2 
12-69 
17*86 
23*03 
28*20 
* 33*37 
38*54 
43-71 
48*88 


A meniscus correction should also ho introduced correcting for the 
curvature of the mercury surface when at the zero. As, however, this 
zero is situate in general iu-n capillary tutie its magnitude is small and 
usually neglected. 
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The correct reading of volume can now be ascertained at each division 
of <»he 8cale/thu8: between 7*3 and 12*4, a (difference of scale reading of 
12-4-7'3, i.e. 6T corresponds to a volume differcncer-12’69-7 52=6T7. 
One scale division therefore corresponds to a volume difference 

? s 1*014 c.c. The difference for 0*3 division at this part of the scale is 

tliereforo easily obtained as 0*30, Tffo difference for 0*7 division is seen 
to bo 0*71. 

In this manner the final calibration table is calculated as below:— 


Reading. 

\t»lnnie. • 

Reading. 

Volnnu*. 

Reading. , 

Vol;imc. 

* 

7 

' 7-22 ' 

21 

21-38 

35 

35*55 

8 

8'28 

22 

22*32 

86 

36 55 

9 

9*24 


28*85 

37 

37*54 

■ . 10 

10*26 

24 

24*39 

38 

88*64 

11 

11-27 

25 

25*42 

89 

39*55 

12 

12*29 

26 

26*46 

40 

40-57 

18 ' 

18*80 

'27 

27*50 

41 

41*58 

14 

14*81 

28 

28*51 

42 

42*60 

16 

15-88 

29 

29*53 

48 

43*61 

10 

16*84 

80 

80*54 

44 

44-62 

17 

17*86 

81 

:n*5f) 

45 

45*64 

18 

:8*85 

82 

32*57 

46 

46*65 

la 

19-34 

88 

83*56 

47 

47 67 

20 

20*84 

84 

84*56 

48 

48*68 


The volume Ixdweeii any two graduations is no^obtained by reference 
to the calibration table. \'lie correction for expansion of the glass is very 
rarely applied, as it is negligible. Tiic temperature of calibration should 


be recorded thus, e.g. indicating that the calibration was carried 

out at li)*5° C. and that volumes arc expressed ip terms of the volume of 
1 gm, ot water at 4^ 0. 

' CORRECTION OF VOLUME OF OAS FOR TEMPERATURE'AND 
• PRESSURE. . 

As is well known, the volume of a gas is dependent upon Hs tempera¬ 
ture and the pressure to wtiich it is subjected, and in every case when a 
gaseous volume is measured the obsen'ed volume must be reduced to the 
corresponding value under what are regarded as, normal conditions of 
temperature and pressure* The most generally employed normal’ tem¬ 
perature is 0®C., and the most generally employed pressure, one due to a 
column of mercury 700 mm. in height and of density 13*590. The varia¬ 
tion of the density of mercury over the range from 0° C. to 30“ C. is 0*0738, 
thus an error of aliout 0*5 per cent, would 1)6 intfodneed by a variation in 
temperature of 30“ C. in tiie temperature of the barometer. The reduc¬ 
tion of the height of the barometric column to 0° 0. is genemlly omitted 
in gas analysis, but is necessary when an aco’U’acy of OT per cent, or so is 
aimed at in the analysis. If the percentage composition of a gaseous 

i • 
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mixture is to be expressed to the second place of decimals—pdeed if the 
predominant components ard to be expressed t-o one significant decimaj 
place—the barome^ic height ouglit, throughout the analysis, to be 
reduced to the standard temperature of 0° C. The necessary correction is 
made by employing the appropriate value of the density of mercury given 
in the Appendix, 'J'able ^ Thi? necessary formula i^Ho = U{i-(jit-a)l} 
where H = height of baronuder at 1°^ II„ = reduced height at O'" C., ^ = co¬ 
efficient of cubical expansion of mercury and a = coefficient of expansion 
of maferial of the barometer scab;. 

When comparative volumes only*aro reipiired, a pressuri^ of 1000 mm. 
of morcury is h’ 0 (piontly employed as standard preFiSuro. 'The calculation 
is thereby sonuHvliat simplified but the procedure is not to bo recom¬ 
mended. Freipicntly in tcclmical practice tb<! standard conditions of 
temperature and pressure are siwcilicd as 60'’ F. and a piessure repre¬ 
sented by a column of mercury 30 ins. in ftoight, the gas being saturated' 
with water vaj>our. In’some cases a tem^ierature of 10° C. is taken %8‘‘ 
standard temperature. In technical practice the reduction of gaseous 
volumes to eipiivalent volumes iiiKicr normal conditions of temperature 
and pressure is quickly effected by employing what is l^iown as the 
tabular number. Such tabular number is calculatial in the manner de- 
taibsd b(;low and repivsenis the volume oecuiiied under standard conditions 
by a mass of gas whicli uniler experimental conditions occupies unit 
volume. Applying the Laws of (lascs associated with tlie names of B o y 1 e 
and C li a r 1 o s tJio necessary corrections arc easily deduced as follows 

•• 

Lei V == observed volume at • 

Vrt = the roadiny'^orrected to 0° 0. and mm. of mercury. 

B = barometer height in mm. of mercury (corrected for Vunpera- 
ture if necessary as alr<auly explained) at time of experiment. 
h -- deficit of pi’essui’B in burette from atmospheric in mm. of 
morcury. • (There is a deficit of pressure in the burette 
when tiio m*3rcui‘y level in the burette is aCove the level of 
the niercury surfacii in contact with the atmosphere.) • 

T = the vajwur pressure of water (‘xpi’csscal in mm. of mercury, 

• at temperaturo r C. 

(Fot’ values (if T see Appendix, Table 1.) 

V X (B - T) 

Then V,, = -d tlu^ gas is saturated with water vapour 

(1 -I- U 003665 /)760 ^ 

at (/. 

• 

For facilitating call ulation, values of 1 + 0*003G65t and of the logaritlim 
of same are given in Aptwndix, Table 3, and a series of tabular num¬ 
bers enabling measured volume of moist gas to be readily reduced to 
standard coiulitions refiri^s^ntc^d by 60" F. and 30 ins. of mercury are given 
in Afipondix, Table 4. 

When the estimations are made rapidly and comparative values only 
are required it is customary.t^ omit this correction for temperature and 
pressuio, provided no appreciable variations have occurred during the 
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progress of yio ?inalysis. In this (‘onnootion it nay be mentioned that a 
vanation of ^ ii\m. in pressure or of 3"C. ih teinporature introduces an 
error of the or(J(U' of 1 per cent, in tlio percentage ;inalvsi8 of the gas. 
The variation in gaseous pressure is not entirely due to a variation of 
atmospheric pressure l)ut—except wliere the analysis is done at constant 
pressiire--is tu*cess;*nlv introduced by any variation in^tlio hoiglit of the 
monairy meniscus in the Iwrette above the free surfa(;e of tlio mercury in 
contact with the atmosphere. 

Automatic Correction for Temperature and Pressure.— The foirec- 
tion of gaseous volumes for toni[)ernture and pressure, as explained, in¬ 
volves a certain amoivd of caiculalion, and numerous devices have been 
introduciMl for tlic redbcUon of tlie necessary calculatuui'and in many 
cases tlic comnlele I'limination of calculation aliogethcr. Ajuongst de¬ 
vices of the former claVs may be mtuitioncd that described by Winkle r 
‘l)ased upon The nudliod originated by Williams o n and li u s s o 1P of 
‘abvays measuring tii(^ volume of the gas at the same elasticity. A tube 
about a metre long is closed at one end and graduated up to 120 ca*. in 
tenths »f a c.c. A few drops of water are jxnired into the tube and 
menairy then poured in, so fliat the volume of air cuclosed by the tube 
when invortea over mercury is al)out 100 e.o. The actual volume of air 
under the ohservefl conditions which at 0“ C. and under a pressure of 700 
mm. pr(‘>sure wouM occupy a volunu^ of 100 c,c. is now (“al<‘niated by the 
forimda 

{760 - 4*6} 100 (1 H 0 00:i(k)r> /) 

. IJ - T 

whei'<! 4*6 = pressure of water vapour at (1. m inin. of iiie.rciiry. 

I observed temperature in 'd. 

• B - ol'served barometric pressure. 

T - pressure of water \apoiir at P C. in mm. of nicreiiry. 


Air is now carefully inlroduciMl into the tube until, wlien the nu'n-ury 
is at tlu! sanu5*<h*vel inside and outside the^tulie, the mercury stands 
oxHctiy so that the air in the tube occupies the calculated volume V. 
This tube is now allowed to staiul niungskle tlu' luireltc of the gas analysis 
apparatus in the jacket (luntaining the bui’ctte, and the lo\’<d of n^Tciiry 
.so adjuste<l that equal pressure exists in each ^ube. If tlieii 

Vi, ~ volume of gas in sub-sidiary tube under staiidanl (t<niditions 

V,,' ^ ,, ,. „ ,, ,, ,, aidiial eondition.s 

Vj - ,, „ „ burette ,, ,, standard conditions 

Vi* - ,, „ ,, ,, ,, actual conditions 


Then clearly 
• Hence 


V, 


Vi,: V.,» - Vj : Vi'. r 
VoxVd ..^V.‘ 
V„‘ ' 


A similar methoil of correction can of course Itc employed when the 
gas is dry, no water being in this case introduce.d into the sidisidiary tube 
and the [treliminary calculation of V being made by the formula 

760 X 100 X (1 + 0 *00:166^/). 

H ^ 


^ Hot/. N'l'., 9, iihs. 
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The coraparison lub(; and tluj burette should, for preference, be sei up in 
a wide tube with wa^r. The a<ljust.m(uit. of pressures and tfie 

reading's of voIurne^^shouM if pn^slble Ix^ made by means of a eathelo- 
meter, whereby parallax error is eliminated ami variation’of tmwperature 
of the gas reduced to a minimum. 

The “ Kew Principle’’ Correction Tube. —Tlie nn'thod is designated 
“Kevv Prin(*i|>Ie” T)e<-auso, as in th<^1v(‘\v palteni barometer, the <listurb- 
ances of level of tin* water an! allowial for in the gradualam of the in¬ 
strument. Tins mctliod of correction is employed in Sodtjau’s* Uas 
Analysis apparatus (see p. b.jHj. ,Tlu! tub(! (repiesentml in fig. 102) 
consists of a cylindrical bulb iif (capacity considor^^bly ex.*e(‘<ling 50 c.c., 
sealed at its upper end to a small stoj)-co<-k and'at its lower end to a 

U-iube of which the descending limb is graduaied in ■c.c., while the 

nscmiding linil) lias a. marked inenjaso <»l diameter at a le\(!l eorrespond-* 
ing to that OL-mipied I)y»tho graduations of the other limb. The outer* 
end of the stop-cock is attaidied to a Ixint-glass tube terminating in a 
short length of rubbci’ tubing. Afli'r chamijig, the apparatus is iixed in 
the wat(!r jacket along with the imaisnring burelti*. The stop-coi-k is 
openeil ami water introdmxMl imtif l)u! lower part of tiie im^seiis eorro- 
s[)on<lH with die Z(‘ro of llie graduations, the adjustment being ea.sily 
achicv(‘d by pinching the short length of i-iibh(!r tubing. The instrument 
tlien re((uir('s m» ftirlli<‘r attention until tin; water has been sensibly re- 
diiecd by evaporation, <‘xcept the niom(!ntarv o[«!ning and closing of the 
slop.cock'mimedialidv l«!fore an anal>si^ is comi»cnc(‘<l so tliat the 
water may he luoiiglil approximiitely the zero and correction 

imnilxU’S avonl(‘(l. Ilc.Ldiiig^ niav be taken tiy (uoans of a telescope or 
lens of about 5 iiw. focus. The volunu' of air, enclosed in Uie bulb 
ami aboV(! Hk! zero mark is sucli tliat tlic \\al<!r is displaced one scale 
division liv cliang<‘s of l<Mnperatui'(! and pressui'<‘ causing llio gas to 
alter in volume I)) t)-l j*!rcent. A small <livisiou has a volume of O'Oa 
c.c. so that the, changes •of temiu!ratur<! ami pressure necessitating 1 
per cent, corrociion of voliinio is accompanied by 0-5 c c. displaceiiTimt. 
of wal(‘r. If the (liffiuvnce of water J(!Vcl tlici-ciipon ciiangixl by N 
mill. have 

101(700 X - (. + 0-5) ;,70t> X i;i ^^) -i- N; 
giving - 50 + 

Tlie value of N can easily la* asc<!i'taim‘il from tln‘ n'spective diameters 
(/j mill, and <i.2 uj^ii. of the two limbs of tlie U-tiibc. Thu*, if a displace¬ 
ment of 0*5 c.c. of water means a descent of /tj mm. in one limb and ^n 
ascent of mm. in the other we liave, cvid(!iitly, 

/i, H h., - N (1), 

and = m) (2); as 0*5 e.c. - 500 c.mm. 


1./. s. a A, 190;{. 22.1«7. 

**Tliis formula(Hrt'ors Hlightly fr<*ilt tliat given by Sod ea ii, wlio used tlie value 13'5 lor 
tlie density of iiiercur) whereas we havo usod the value 18’6. 
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N. 


^ 50 + , 


= 59-2 c.c. 


From (l)^,and (2) wc have 

2m 2000 

irdj^ ird.j^ 

If dj ~ 6’9 inm. and d.^ = 15-5 mm., this givf56 N = 13-35 + 2-65 = 
16-0. Tho corresponding value of r is found trom the relation al)ove 
to be '* 

101 X 160 

■ 206-7 - 32l) 

Tho zero being so adjusted tliat the, total volume of the bulb together 
with tho portion of the tube above the 
zero has the value of 59 2 c.c., tho 
necessary perc(mtago correction of 
volume in order to reduce tho volume 
of gas in the, burette to standard con¬ 
ditions is read off directly on the scale 
as easily as temi)eratures are read on 
a thermometer. 

The two metliods described ne¬ 
cessitate some little calculation in 
order that the ap[»ropnatc correction 
for temperature maybe applied, but 
such correction is easily ascertained. 
Many dcvie<‘s, have, however, been 
introdiK'ed wliereby tho necessity for 
any calculation whatsoewer is cntii*ely 
eliminat(^<l. sucIj (ievices we will 
descrilie the following 

Lunge's Oas-Vo!umeter.‘— Tliis 
device was introduced by Lunge 
more particularly for use in eases 
wiiens the*gas to be measnrc'd is 
evolved from a weighed quantity «>f 
a liquid or solid. It is (•apal)le, how¬ 
ever, of very genera! applit^ation. 
The apfiauatus is illustrated in fig. 
86. A is tlio vessel in wiiich tlie 
volume of gas is measured: it may 
be any form of nitrometer, or any 
convenient burette. B is the reduc¬ 
tion tube wh;:‘li has at its up^er end 
a spherical or cylindrical bulb. The 
volume to tlio first mark is 100 c.c., 
the remaining narrow portion of the 
tube being cali))ratcd up to 130-140 
c.c. i.i divisions representing Vw 
This reduction tube is set once for all 
at the beginning of tho work, by ob¬ 



serving the thermometer and barometer, 

* X. awjeiv. 0., 1890, 139-144 • ./. S. C. /. 


,nd calculating the volume 

N. 

1890, #,647# 
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which 100 c c. of dry (or moist) air would occupy under thos^ conditions. 
This calculation is made as already explained, the necessary volumes toy 
dry and moist gasos,!)oing given by 


and 


V 

•v. 


100 (273 + I) 760 
273 X 1' 

W) (273 + ().760 
‘273 


for dry gasos 

. 

i’oi' moist gasos 


(1) 

( 2 ) 


whero*/*^ C. istjie teinperature tui;asur(!(l, P the atniOhpheric prcsMin^ and 
j> the vapour j)re^KUj-e in mins, of lucu’cnry of water at 0. I'lni volume 
V in (2) is the voUiine of moist gns ineaMired m\der iwAdilions of tem¬ 
perature and‘atmospheric pressure represented Ifyand P respectively 
which would occupy at O'" C. and undiir a pressure ot 700 nyn. of mercury* 
a volume of 100 c.(!., the tjax at thin Ktandaul temperature hehuf quite dry. 
If the gas is to be taken as moint luidm- st;#ndard conditimis, tlum the ap-* 
propriato valui; of V is • • * 

100(27:t + 0(700 - 4-0) 

.27:1 (P-/>" ■ 


This volume ol air (tog<;ther with a few dro[>K of Matin- if ntiflsi gases are 
in <|UGstion or :\. drop of sulphuric acid if tlie gases an^ to 1)0 measured dry) 
is admitted into It l)y opening the stop-cock and raising or loM’ering C 
until the mercury in B stands at the appropriate level In B, detiirmined 
as above. The stop-<-oek on B is then closed. A and B may, if necessaiy, 
be surroimdcd with M’aler jackets. Wlion a volniiuyif gas is enclosed in 
A, the volume such gas under standanl eonditions is dMermined as 
follows: The three tul’'‘s A, R ami (’are so mI’Aisted that the mercury 
levels in A and B are the same, 0 being raised or lowered until ihe mer¬ 
cury levid in B stands at the mark 10(1 c.e. It is clear that under these 
eonditions tlu^ gases in A ami B an': under the, same eou<lilionsof pressure 
and temperature (smtab'o precautions l)C‘ing takim to ensure eipiality of 
temperature), and, moreo’#er, since thei gas m B lias beeif aiijusted to tlic 
volume it would occupy under standard conditions it follows that*the 
volume of gas in A is the voliumi it would occupy under such standard 
conditions. Frequently the volumeter is employi.nl in smdi manner that 
tlie tube A contains caustic potasli as well as mon-ury. In this case the * 
compensation for tcnqHirature ami jiressure is (dfectiHl as explained, save 
that on tlie reduction tube B a fiducial line- is made at a distance below 
the 100 o.e. mark equal to the result obtained by multiplying the length 
of the column of caustic jjotasli l>y the ratio of the sjK‘cific gravity of 
mercury to that of the caustic jiotash solution ^iltout 10).* The mm-cury 
level ill B is then adjusted to 100 and the mercury level in A adjusjed 
to equality with this fiducial line. Under these comlitions it is clear 
that the gases in R and A are under identical eonditions of pressure, 
the pressure of tlie column of ixitasli (or otlior liquid in other cases) being 
counter-balanced liy tlio•pressure of tlw‘ column of mercury between 
the 100 c.e. mark and the fiducial line. The graduation of A, in cases 
where the apparatus is invariably employed in connection with the 
measurement of a gas of fijwd composition (pure or a mixture of fixeii 
percentage eonipositiou), can be made.so as to road directly in milligrams. 
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Tho f()llq*ving arrangomont illustrated in fig. 87 for compensating for 
altor’ations in prossiirc and tcinpc'ratun' has' boon introduced ])y Levy.' 
Tlic device is asligiit modification of Jlaldanc’s control tube des(iril)ed 
below. Tlio absorption pipette A has tlm form shown and communicates 
with tlio componsMting IuIk! 0 /■«( the vent cock H. Tliis is similar in 
shape and eqiuil in capacity to the, inoasijring burette ,0, Tin; n'servoir 
E is attaehed to the pipctle by nibbc'r tubing. At th(5 commenc(unoiit 
of an analysis, the Injmd levels in the capillary lubes are adjusted to tho 
marks F ami it, and the vioil cock li is closed to the atmosplioK*. After 
making an absorption, tlie mercury hv<‘l in tli<; burette D is adjusted so 
that the level (!f the a-hsorhing li<juid is returned to Ihe.-mark K. Should 
^any change in barumetne [>r(‘s.-'in‘e or tcnn)eratnre have occurred, the 
volumi' of air in tie* com|)(‘nsating tube 
C will have altcu'ed and the levcd of 
liquid will bo displa«‘ed Irom G. The 
it'scrvoir K is raised or IowokhI until 
the Volume of air returns to its former 
value as indicated hy tho level ef the 
ai>sorbing liijiiid sl.anding at (f in the 
compensating tul)e. This manipulation 
affects equally the gas in tho burette, 
and lli<^ levi'l of the absorbing Ihjiiid is 
ri'tui'ued to F by slight rcadjnstuieni 
nl file nuuvury level in the burette. 
I'Aternal variations aie thus entirely 
<-oin[»‘nsnled for anil Mh’ n'adingsare 
reduced lo tbt^valiujs ^■o^T^*spondiug to 
the initial conditions of hniiperaiure 
.uid pre,^^uro. It may be note.d that 
llie adjustiuent is made by an observa¬ 
tion of the levdl of tlio absorbing liquid 
and can, tlidridore, lie made more ac- 
cundely than would be the case if the 
adjustment were <lctermined by tlie 
obMU-vation of tlie level of a mereiiry 
surface. ' 

He mpel ’ s compensating device is illustrated in tig. 88and is intcndeil 
for use will) a eonstantqirossure form of gas analysis a[»pai at us. A cor¬ 
rection tube B is conneided with the burette A viu. the U-tube C. If the 
measurements of gas volum<‘s m A are to be mmle on moist gas, a drop of 
water is introduced into the gas in B. The adjuj^tinoutUo constant pres¬ 
sure of the gas <-onlaiiied in A is seeured hy adjusting the level in the 
mercury reservoir connected to A, so that equality of level of tho mercury 
contained in the U-tube results. The pressure in A is thus always ad¬ 
justed to equality with Ihii pressure in B. Thc^device lias been improved 
by Edwards - who has introduced modifications which make manipula¬ 
tion very much easier and add to the accuracy of adjustment possible. As 
shown in fig. 89, the capillary from the three-w;iy I'oek E on the bnndte 



^Jouriud of (in-i Liijlitiinj, 11)13, 122, 52*5. 
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is kept very long and bent over to dip into a tube C ot j’atlier Jai^e 
boro. In this manner, the‘^iquivalent of a U-tnbo liaving one limb*of 
largo diametor and«one of siruiJl diani(5tor is obtaiinsd. ^Practically the 
whole movement of licpiid consi'quont on vjiriation in pressuro takes place 
in the capillary which,is of al>ont 1 mm. diannthn-. A 5 per cent, solution 
of siilpluiric acid tinted nn^thyl orange is used as^he confining liquid. 
The side <!ounect]oii to tli(i correction tube is made as liigli as possibli^ in 
order to avoid a largo waste spac<^ alnwe tla^ level of thc^ li<|ni(l. Jf the 
tlireacf of liquid in the capillary breaks at any time, it is reforim*d by ex¬ 
pelling with air and allowing the li< 4 uid to run back. Atmospheric pres¬ 
sure can bo socur^Ml in the correction tul)e B, wluip, neceslarv, by opening 
the ta|> D temporarily, and adjustment to eqiiality'of pressure m A and B 
is acliiovod !)y equality of level of the liqiiiil in tlu^ ca[)iHarvand the wider* 
tube of 0. ’ 


ir a 1 <1 a lu''s comp<Misatmg dmicc ’ l^^represented diagrammatically* 



Kio. ss. Fio. 8!). Fio. 90. 

in lig. 00 and is <'inpIoy(.'<] in liis well-known apparatus^for ?iir-anaiysis. 
When determining small <juantiii(*s of gases in gaseous mixtures, varia¬ 
tions of temperature and jin^ssiire during llu* anaivsis, unles> allowed for, 
may c#use (‘.unsiderabhi errors. A is the liiiretl(‘ in wliich Dio ineasure- 
monts of volunu! are madp, the level of mercury in A being adjustable 
by raising or lowering the mercury r«‘servoir B. The compimsaling de¬ 
vice prop(!r is composed «>f tlic portions K, N an<t S with th(‘ accompanying 
glass connections. N is tlu‘, conqicn''ating lube, scah'd at tin' bottom, and 
containing a trace of water, and in tbc! app.aratus as actually cnqtloyed is 
placi'-d along with the measuring biireile A in a water jacket so Tliat differ¬ 
ences temper?t.ture between A and N are efiminated, X and P are 
tliree-way taj»s. K is the absorption pip<*lte. Tln‘ tula* of the absorption 
pipette, E and I ho tube R are jirovidial willi reference marks, as shown, 
for adjusting Dio pressure. Beffore making an al)sorption, N is first put in 
('ommnnieation wiDi 11 ai^l flu* reservoir B which conta.ins the absorbing 
solution is raised or lowered iiatit the liqui«l level stands at the reference 
mark R. The volume in A is to be measured iimlcr Du; almosplioric 

' VeiitiUdixii uj FacUn'ii's a/ci*ft’(»/■/.sAo/<.s', lilne /too/ pv/. 1302), 1903. Ai'iicndix. 
IIII1 cl a 11 e, Mffhinh <;/' .1 ir A naly^i's, 1918, p. 14. 
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pressure existent at the cominenconiont of the analysis and this is ensured 
by'tho absorbing liquid m K standing at tliO’reference mark engraved on 
line tul)e M. It is clear that this procedure ensures .that the volumes of 
gas in A atnl N are su)»jcctod to the same (.'onditions of temperature and 
pressure and that those conditions ai'e entirely deti'rnnned hy the volume 
of the gas in N. Tf^ therefore, tiiroughou| the a/)alysis, adjustment of the 
volume of the gas in N is maile so that the level of the surface of the con¬ 
fining solution is at tlui reference' mark on R, tium it follows that volume 
readings of the gas in A are ma<lo undpr coalitions eqnivaiont to those 
reigning when the initial adjustment of volume in N was made. Under 
these C(mdition!.. variations of pressure and tem[)eraturqoccurring during 
the course of an anal)sis are entirely compensated for, so far as their 
'’effect on the readings of volmno of the gas in A is concerned. 

THE VALUES OF THE P,MYSICAL CONSTANTS OF CERTAIN 
^ GASES. 

Fou pur^wses of gas analysis, it is <‘onvenient to have handy reference 
tables ef the values of certain physi<*al characteristics of the various 
gases. 

The values of such [diysical chara<-t(n‘isties as the weight per litre of 
dry gas at O'’ C. and 760 mm. j>ressui'c, the sohihilily of the gas m water 
at 15° (h, etc., ar<i of importancf^ and a number of siudi data are collcct(i<l 
tc^ether in Table A (sec {>. 500;. 

The wvlubility of air in water is, of course, conditioned by the different 
solubilities of its coKSlituenIs. As seen from the Table A, the solubility 
of nitrogen'In water is alnnit half that uf ()Kyg(m, when'as the partial 
pressure of the nitrogen in tin* atniosplien' is ..fppnixinnitely four times 
that of vho oxygen. The following tahh* gives th(‘ respective volumes of 
nitrogen and oxygen, contained in aii', dissolved hy KKK) c.c of water 
when satiirate<l with air at 700 mm. pressure, tlu' volume of gus being 
throughout measured at O’ C. and 700 mm. •’ 



Ti-raiK‘ratnre of Wat^r. 

Cmistitiient of An 

-7 - 


_« 

— 


o°\;, 

10 c°. iir/’o. 

20° C. 

30° C. 

Nitrogen. 

100 

15-0 1.3-.') 

12-3 

10-4 

Oxygen . 

10-2 

7-9 7-0 

6-4 

.5-3 

Total volume dissolved. 

Pe* cent, of ntDrogen by Nvolume in dissolved 

29-2 

22-9 20*6 

' U’ 

IH7 

16-7 

. 

65-1 

C5-5 j 66-9 

65-8 

66*2 


Nitrf^en jieroxirle N.-O^ dissociates into 2 NO 2 as its temponiture is 
raised. The balanced dissoi-iation 2N($.2 proceeds more and more 

towards completion in the direction indicated by the upper arrow as the 
temperature is raised. The degree of dissociation into molecules having 
molecular formula NO.^ is conditioned als(\ fiy the pressure to which the 
gas is subjected. The following table gives the ob.served values of the 
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deusity of the gas relative to-oxygen (0 = 16) at 0" C. and 700 inm. pressure, 
in latitude 46°. (See Ph^niad and Chemical Comtanis* Kay o *in(\ 
Laby, p. 26, al60,fircMet7 de Constantee Physiques, HoriHi Fmm;aisc'dc 
Physique, p. 168.) 


'Jemperature * 

Density • 

0 = 16. 

26-7 • 

38*37 

89-8 • 

36 62 

60-2 

30-12. 

80*6 

2G 00* 

100*1 

24*33 

121*5 

23*46 • 

154.0 

22*88 

183*2 

* 22 73 


Tlio normal density of N^O,, in the absQuce of any dissoeiatioa, at 0° C. 
and 760 mni. pressure, relative to 0 = 16 would bo 46-00. ^. 

METHODS OF ANALYSIS. 

Having described some of the preliminary operations and having re¬ 
viewed Uie pi’ineiples underlying the technique of g.is analysis we are now' 
in a position to examine the methods empluyi^d ; llffcae maj be classified 
as follows 

I. Direct Absorptloif. —Some gases are deterrnined by direct absorption 
by certain reagents, the diminution of the volume indicating thd quantity 
<if th(! gas present. 

J. Indirect Determination by Expiosion. — Combustible g.ases are 
often determined by explosion, or by combustion at a Ijigli temperature, 
with excess of air or oxygen, and the comi»nents are determined froiji the 
diminution in volume after explosion, the <|nanlity of carbon dioxide 
I'oj-mnil (as determined by absorption) and the quantity of oxygen con¬ 
sumed as determined by absorption of the residual oxyg<‘n. 

Oxygen may bo determined by explosion with c^xcess of hydi-ogen when 
other combustible gases are absent. 

3 . Fractional Combustion. — Certain gases can be lietermined by 

fi-actioual combustion using an oxidizing agent with or without a catalyst 
at a carefully controlled temperature. , 

4 . Alicro-AnSlysIs. —The above methods afe. not generally ap[]lieablo 
when it is desired to determine gases pre.sent to the extent of, say,*0'2 
percent, or loss in gaseous mixtures, and special methods giving a high 
degree of accuracy have been devised to meet such cases. 

5. Special Methods.-* A few gases are most accurately determined by 
methods which do not come within the above classification and which 
require separate treatment. There are also many cases in which particular 
devices are used in specific^^echuical analyses. The more important of 
these are noted towards the end of this section. 

• 34 • . 
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DIRECT DETERMINATION BY ABSORPTION. 

Bunskn, who was tho pioneer worker in the fieKl of gaf^ analysis, 
worked wit!) a simple absojption tube or eudiometer and absorbed tho 
various gases by imuins of solid reagents fashioned into bullets attached 
to a platinum wire.' In some cases suitable ,:olid medium was im¬ 
pregnated with a iKpiid reagent. Such methods are now quite obsolete, 
but detads may be found in B u n s e n's (htaomelrii. Solid reagents may 
be recommended for use in a, few spoual cases, particularly for the 
absorption of impurities in the preparation of pniv! gases. 

In all mod(‘rn gas analysis appaj’atus thos(* gases wliicl. admit of direct 
absorption are brought into intijuatc contact with li<|ui<l or dissolved re¬ 
agents contained in ji vessel separat*^ from, but having (‘onneetion with, 
the measuring vessel. 

The ditlorent absorbents used lor the various gases are gi\cn below. 

Acetylene is absorbed in an ammoniacal solution of silver chloride 
prepared ]>y saturating piir(‘ concentrated ammonia (sp. gr. 0'880) with 
silver chlorhie freshly precipitated from the nitrate. Tim ammonia left 
in the gas aftci; this ahsojption, is removed by dilute snlphurie a<'id b(‘fore 
any moasiiroment is made. 

Ammonia should determined hy titration if a suffieienlly large 
sample of gas c.in lX)s^ll)ly be obtained. If, howincr, a small sample 
only IS available, tlu^ ammonia may l>o absor}>ed in a 10 per cent, 
solution of sulphuric a<-n!, hut eonsider.able care is necessary owing to 
tluf readiness uilh wliicti the gas is absorhe<l by any trace of juoistiire in 
any part of Die appar.atus. Kiirthermorc, the soluhility of other gases 
(e.g. COa) in the ]0 per cent, aeiil is appr<*eiablc'and mayeanse a high 
result uniess the absorption is carried out (jiii<*kly and with a small 
volume of solution. 

Benzene is niadily al»sorlied l)y concentrated sniphurii' acid (which 
must eoiitain 9r* to 07 p(‘i' cent. ll^Stb). This reagimt also a))s<n']>s jirojiy- 
lene and the liigher ohdiiu's (but not <^tliylen(‘) if they an; jiresent (see 
below) Tim presence of liigli<T olelincs in the gas is indicated by the 
acid turning brown. Sonu' workers remommend tin* use of fuming 
Kulpliurie acid (eontaining about 10 )M‘r cent, free }SO;t) for tin; alisoiption 
of benzene and olelines, followed by alisorptinn of SOj by eaustie potash, 
but if other hydrocarbons an; present, it will be found tliat the use of 
ordinary snlphurie aeid as above will give uiort; reliable results. 

If it is not necessary to dilT(;rentiate lietween IxMizeiie and ethylene, 
both may bo aj)s.u’b(!d together in a solution of bromine in normal 
ixitassium bromide solution. The bromine remaining in the gas after 
this l.reatinent is removed }>v absorption in caustic soda, or caustic |)ota.sh 
before any measurement is madi*. 

Dennis and M’Cartliy ‘ recommend the use of an ammoniacal 
solution of riiekid <*vanid<; lor the ahsorj tion of benzene. 

The use of sulplnnlc acid as an absorbent is preferred when dealing 
with complex gas mixtures such as <;oa,l gas, because it can bo used at an 
early stage of tim analysis before any of tho benzene has been dissolved. 

' y. J. r.', X, 1908. 
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For fipecial methods of determination see p. 578. , ^ 

Carbon Dioxidfe is roaflily absoited in aqueous solutions of cauiptic 
soda or caustic ixJtash, and a high d<5groe of accuracy is possible if cai'o 
has boon '{akcn that none ol the gas has l)ccn lost by absorption in other 
reagents before tliis. stage of the analysis is Dau-hed, Wlion the cost is 
not prohil)itiv(!, J^Oll sjiouldix* ut^^d in prefennicc NaOH owing to the 
higher solni»iIity of the carbonate forjne<l. If KOll is used it should be 
made up to a53 i)or cent, solution ; NaOII ^botll(i be ina<le np to a 25 |)cr 
cent, solution. • 

j! 5 <‘c p. 51W for sjMH'ial ]iiellio(b <h‘termining carl>or| dioxide. 

Carbon ^onoxide is absorlied in an nmnnuMiical solution ot cuprous 
cliloritle. To |)re})are this solution 75grn, of ('uprous chIond«‘ arc addyd 
to a solution of 15 ^in. <il animoiiiiini chlonde jii 80 (••c. of water and 
llion con('(Mitrated ammonia is addcnl until solutit>n is coinpl^'hx The 
solution should l>e kepi m contart wifli eo^iper win; or turnings in a 
stopi>cred bottle. * • * 

The a.bsor[»tiori of carbon monoxide by this solution is slow, and in¬ 
timate contact helwei'ii gas and liquid u*necessary. Jf lln^^^as under 
examination conla-ins more than 10 per cent. CO it shouljl *be Ireateil a 
sectmd tilin' vvith a fr»isli holiilion, lint i-are must be taken to avoid the 
use of ('xce^si\e volumes of Mtlulioii <j\vmg to Iho solubility of otlu'f gases, 
e.g. jiKithaiie .Vlli'i* the alisorption, ammonia must, be removed from 
tin; gas liefon; apv iueasurem<;nt is made. 

Several dilfereiit formula! tor making up tin* cuprous chloride solution 
have l)e<!n suggc'sied, lint the above solution will 1^ found satisfactory in 
apparatus wtiere a Iillh* fn'sh solution can be taken for each absorption. 
A convenient solution ntaimng h'ss free amuroma) l\>r Use in H empe I 
pipettes or ap|)arafusof the 0 r s a I typo is made up by adding 11l5 c.c. con- 
centra,h;'! hyiiroelilorie aenl to 40 gm. eiiproii^ chloride m an 8 oz. Mask ; 
180 e.<; eonc<;iiti'ated ammonia are then added slowly, the flask being 
<*ooled to almo^iilieriA h^iiqieratunx A tittle mon;,ammonia (about 
15 (!(!.) IS then added iftilil Hie white ]>i'eci[)ilat«‘ |U^t dissolves ; ^a few 
drops of coneentraled iiydroj-lilorie neid mnv l)e added il ili<! .•‘Olntioii 
snn*lls of ammonia. 

Some Wiirkers recommend an acid M>lution ol eiijirous chloride, laiW 
this cannot be ummI iiiVmtaet willi mereurv. Furtluu'more, D re h- 
s c li Ill i d t * lias shown that after ]>rol(mged iis(‘ flie aei<l solution is a less 
efficient absorbent- than the ammoniaea.] solution. 

Bthane and tin; higher parallins slmuld he determined indirectly by 
explosion, but in spixhil easc'. iJiey may be estiniato<l ^jiproximately by 
ai)soi;i)ti()n in ^ibsohue aleoln'l, waler liein^ used for the ri'inoval of 
alcohol vaix>ur. • 

Ethylene is al^orbed bv an aqueous solulion of liromine (water half 
saturated with bromine) or by a saturated .solidicm of bromine in normal 
|X>tassiiim bromide. lT»])vl(‘in; and the higher olefines an; simultaneously 
absorbed if they have not been removed previously wifli the benzene. 
Taplav'* states that if the aqueous solution of bromine is employed, 

1 Ha-., bW, 20, 2752 an<l 18H8, 2i, 2158. 

(t(T.v Lufhtiiu/, 1913, 124 , 870. 

• • " ■# 
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the olefines i^^ay be separated from benzene, whereas the iwtassium 
broniido solution absorbs benzene. 

Fuming nitrie acid may l)e used as an absorbentq for benzene and 
olefines if carbon monoxide is absent. 

Hydrochloric Acid and the other halogen acids sl^oiud bo determined 
by titration. Buiisqii absorbed tiiese ga^es bynieausof Rolhl sodium 
phosphate. 

Hydrogen is most readily determined by explosion wlien it is not 
associated with more tliau one hydrocarbpp of the methane series, but it 
is often necessary to remove hydrogen from a mixture ot paraffins prior to 
the explosion ainf after the absorption of C(X, CO, olefines, etc. Pa a I 
and>l art III a n n' introduced the use of colloidal palladium, ^he solution 
is'made up by dissolving 2*44 gm. Kalle’s colloidal palladium (01-33 per 
cent. Pd) and 2 7.4 gm. sodium picrato in 130 e.c. water and is used in a 
Ilempel pipette. The cost of tliis reagent prohibits its use in ordinary 
tecfii-ical work, jiarticularly as.the absorption of hy Irogen by the reagent 
is slow-after prolonged use. It is found tliat methane is slightly soluble 
in the soiuMon and, therefore, l.^dore use the solution must he saturated 
with a gas e/ approximately th«5 same coiuiwsitiou as the sample of gas 
remaining after 'absorption of iiydrogou. 

When tlie solution lias absorbed a maximum ([uantity of hydrogen the 
pallailium, log<dber with the protective colloid witli wliich it is associated, 
may lie precipitated t)y means of a slight excess of <lilut(! sulphuric acid. 
After filtering and washing it may rodissolved in a minimum of dilute 
caustic soda solution,^;il)out 2-5 N.NaUll solution per gm.'of dry 

precipitate, to winch fre>h sodium picrate is added. An aUernatIvi! method 
is to separate Ifie palladiiin. by dialysis. 

For other molhods of determining liydrogen in tin^ presence <>f liydro- 
carbons see p. 542. 

Nitric Oxide may l)c determined by absorption by converting it to 
nitrogen i)eroxide with an excess of oxygen, the peroxide being absorbed 
by caustic |)otasli‘and tlie exci'ss oxygen by ju'kaline pyrogallate (see 
lielow)'. Mixtures of nitrogen nxide^ are <let<'rminod by titration (se«^ 
p. 570). 

Oxygen is a))sorhe(l by alkaline pyrogallate solutions. Potasshim 
pyj'ogallato solution is made up by dissolving 15 gm. of pyi'ogallic acid in 
100 e.c. water and ad<lingtliis to 400 c.c. of a 33 per cent, solution of 
caustic potash immediately before use. This solution absorbs oxygen 
fairly rapiilly, but alter prolonged use, or whihi treating gases rich in 
oxygon, traces of carbon monoxide may be evolvisl. The trouble may be 
minimized by using a larger excess of potash anii-the error is entircsly 
eliminated if a sul)s<5quent a]>sor])tion of the carbon monoxide is jxWible. 
Clowes 2 found that for tlie analysis of oxygen prcpaiwl by Brin’s 
proc'ess the rpost suitable absoj-bent was a solution of 160 gm. KOII and 
10 gm. pyrogallicj aind made up to 200 c.c.; it is chiinuKl tliat no (tarbon 
monoxide is evolved when using this solution. For teclmiiail work it is 
often preferable to uso caustic soda rather than ixjtash on the grounds of 
economy. Orsat’s reagent is a mixture of a concentrated solution of 


1910, 48 , 243. 


liefMt, 1896, 747. 
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26 gm. pyrogallic acid and 160 c.c. 26 per cent, caustic soda solution. 
Jones and Moighan’«have thoroughly investigated tfio officieifcy of 
sodium pyrogallaVi solutions and find that the rate of oxygon absoii/lion 
increases' with tije dilution of tlio soda and is proportional to the con¬ 
centration of tin? p\y<)galli<! acid for any giv<‘n concentration of soda. All 
sodium pyrogaUfito solutions ^ive gff c.arl)on nKnioxifljji vvhei\ used in analys¬ 
ing gas sampl<!s containing more tlian 95 per cent, oxygouh In making np 
solutions for air analysis tluj caustic soda solution shouhl liave a density 
not'less than 1*90, A sitlutiqp which, while having a fairly high rate 
of absorption, gives off a ininimiim amount of carbon monoxide is made 
as follows^ T|^o stock soda solution is made by diss(*Iviug caustic soda 
sticks in an equal weight of water; tlie stock ^lyro solution is made by 
dissolving 1 part ot pyrogallic acid in 3 parts of.water; when ready 
for use, 6 parts of the soda solution are mixed with 2 parts of pyro solution. 
Soli<l phospliorus in thin sfieks is also u*ed as an abhorbont; this mayJje 
conveniently used in the absorption pipettps of many forms of appa/atus 
(e.g. Orsat) if it is kept, under water and so placed that it cQiues in 
contact with tin', gas when the water i^.displaced by gas catering tlio 
pipette. I'lic oxidation of the phosphorus is slow imb^ss cayied out in a 
warm atmosphere. Sod(^au us(‘s phosjdiorus in a pipeiiA immersed in 
a jacket containing warm water. Travers*'^ suggests the absorption of 
(fxygen by phosphorus vapour when combustible gases are absent. This 
method has lieen employed by Watson^ atid by Aston * for tlio deter¬ 
mination of the oxygen coniont of air. 

Fr a nzenuses a solution containin^^ 50 gm. podium hyi>osulphite in 
250 c.c. water mixed with 40 e.c. caustic soda solution (50W gm. NaOII in 
700 gm. HoO) as an 4»^'U’bcnt for oxygon irvtho Hemixil pipette. For 
use, in the Ibinte )mr(d.t(i he profei*s a solution of 10 gin. ^Xa^SaO^ in 
50 e.c. water to which is added 50 e.c. 10 per cent, caustic soda solution. 
Another absorlxuit used for conimercially prepared <)xyg(5n consists of 
copiier wire kept cltj»in and moist by moans of a solution composed of 
equal voIuhk^s of amn*onia (sp. gr. 0-930) and of a saturated solution of 
commercial ammonium carbonate. 'J’he oxygon is absorl)cd l)y*the ex¬ 
posed surface of moist copper, the sub-oxide foi-mcd being altevwards^ 
disstilved by tlio ammonia solution.'* 

Propylene and the higher olidines arc absorbed by eoncentrateil suR 
pliuric acid (see IJenzone above). 

Sulphur Dioxide is rea,dily absorbed by caustic iiotash, and in the 
absence of carbon dioxide may bo thus dctormiiK^d. When it is desired 
to differentiate between COy and SOy, the SO.y may bo titrated with iodine 
solution (roc Ii^ 574) or it may bo detormine(l by absoi'ption in a solution 
of c1iromi<; acid made by <lissolving 450 gm. chi'omi(* aind in 1000 c.c. 
w^ater, to which 450 gm. phosphoric acid (sp. gix 1-70) arc addeil and tlie 
solution lirought tT) the boil and cooled before use. 

Sulphuretted Hydrogen.— It is recommondod tliat this gas be de* 
tormined by titration fsee p. 334), but if only a small sample of gas is 

* J. Iml. Kmj. Vh^in., 1919, 11, 811-316. 

^ The Experimental fitudy rtf GaseJ^, 1901, p. 83. 

V. a S., 1911, M, 1460.' ^ *Ibid., 1919, 118, 472. 

*lier,y 1906, 39, 2069. ‘^See Thorpes Dkiionanj, 1913, vol. iv., p. 44. 
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available the Rulphnretted Iiydrogen may be absorbed in an acid solution 
of or^p[Xir sulfhate. The solubility of carbon dioxide in this reagent is 
also apprecial.)lo aiul saino precautions must bo ta^'cn as when using 
suljhiiric acid alone for the absorption of ammonia. 

Tin? ord( 0 ' in \vlncli the vai-ious al^soi-bents imnitioiiGd above are used 
miwt l>e <-Hrefnlly consi(]ej’(5<l. In some cases altornativ(5 absorl)ents have 
been given for the same gas or group df gases an<r th(5 choice will in part 
depend upon whether anv particular constituent of the gaseous mixture is 
being <;spocia.lly determined, it is dini<-ult, tkend'oro, to mak<( a g( 3 neral 
stat<3ment of llie laater in ^\hlcll alwahents are to be used which will 
cover all cases. i*robai»Iy coal gas is jli<* most comj)lcxgas mixture which 
is ordinarily sulmutted V) tlu! clumiist for analysj.s and i'l wili serve as a 
gui(l(‘ for other opcrjifions if this is taken a^ an example. 

•Kluiad and Whevilcr^ working willi (lie Bone and Wlieeler ap¬ 
paratus (fj.v.) ahMirbcd tlie constituents ot tin' gas from the distillation of 
cpal with the following rcag(*nls in tlic order 

Ammoniu, . . . . 10 per cent, sulphuric acid. 

Benzene (and higher oletinos) Concentrated sulpliunc acid. 

Sulphurctte(fhydrogen . . Acid solution of copper sulphate. 

Carbon dioxide . . . 3d per cent, solution of caustic potash. 

Oxygen..\lkaline solution of potassium pyrogallate. 

Acetylene .... Amuioniacal solution of silver clilondo. 

Ethylene .... Bromino-potassiiim broniido soluiion. 

Carbon mono.xidc . . . Ammoniacal solution of cuprous chloride. 

Hyilrogen was ah^oVhed troiK the gas nmiaiiung ad'tcr IhcMi absorptions 
by means of oxidized pulladiiini (<ee p. o.iO) and methane aiul idliano 
were estimated by explosion with oxygen (see bclb’w). 

To malvo an accurate analysis in such didail as this, je<(iiircs considm’- 
able experimii-e and manipulative skill, Imt the proci'ss can often be con¬ 
siderably shortened when* resulls are j'e<|iiired with modera,t(‘ aceuracy 
only. Ammonia .and suljihnrelted liydrogcii are ahsmit from purifieil 
coal g^s. In many case^, heiuone, acetylene, anil all the olefines are ab¬ 
sorbed togi'thor 111 hroiniiuy. Barafliiis other than methane may lie for 
• technical jairjxws asiumcd alisent from many industrial g-w'.-^ andrOicn 
,the somewhat ditfieult ahsoiption of hydrogen may be omitte<l, the ex¬ 
plosion analysis being relied ujmui for the hyilrogen and imithane figures. 

INDIRECT DETERMINATION. 

Many gases are detcrmmahle m an indirect manner liy exploding 
tliem with another gas aiijl noting the change im,volume, or tlie quan¬ 
tity of tlu'ir proilucfs of deeonqwisjtion, or hy a comhinalion of these two 
metKods. Thus for exaiiqihs oxygen may lie determined liy exploding 
with excels of hydrogen, and observing tlie coiitraetion hydrogen may he 
determined by exploding with excess of air or oxygen, and observing the 
contraction; and methane by exploding with Air or oxygen, observing 
the contraction and determining the quantity of carbon dioxide generated. 
In many eases valuable information i.s obtained if the excess of oxygen 

‘<\ s., 1910.97. 19^. 
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after explosion is absorbed and a calculation made of the amount of 
oxygen consumed during tjio explosion. • ^ 

Preparation of Pure Oxygen.— The oxygon reifuirod is oonveniontly 
pn^pavod by heating ])ure potassium perinanganato in a small round 
bottomed flask.* The flask is about half filled wit.li dry |>otasRium per¬ 
manganate Jind theVi fitted with a rul>ber stopper and delivery tube con¬ 
necting with aVashirfg bottfo e<Wn,iuing oaustie ftoda solution to arrest 
any e.arbon <lioxido formed by Ihe combustion of 4lust, and also any man- 
gam3SO dioxide dust earned forward. I'ho flask is gently lu^Ui'd and the 
gas issuing from the washing flolthi is allowed to escape foi huiio time to 
ensure the expulsion of atniosphcric air. Connection ^s then uiado with 
the explosion vessel or einliomcter, or prefernh^ with a small gas holder 
wliere th(i oxygen may he stored over gly(‘erine or brine. * 




t • 

A (-ouvenient ty{)eof gjis holder, the use of which involve^ the minimum 
number of ra))her joints is shown in fig. 01. Both taps are attache<l to 
tln?hold(!r hy grouud-in joints and the gas tap has three limbs (Fig. 00). 

The gas should ho ti;st(Ml for punry hefon^ us(^, and ^.t, haist OO’o ptr 
cent, of the volume shotiM he ahsoiiu'd hy alkaline pyrogallate. 

Oxygen may also he prepared hy heating [Hire potassium clilorate in a 
small retort made of coinhuslion tubing. A hull) is blown at the closed 
end of the tube and about half tilled with dry powdered potassium 
chlorate. 'rij^(muM*k of the r(dort is then dyiwn (Uit iwid lunit to form a 
delivery tube eonneeting with a washing bottle as described above. 
Oxygon prepared in this manner may contain traces of ozone.^ ^ 

Preparation (ff Pure Hydrogen.— Any hydrogen rcquii’od in gas analysiB 
must ho prepared by eUadrolysis, since tliat from other sources is liable 
to contamination wifli impurities which wouhl vitiate the analysis. 
Bunsen’s apparatus for this preparation is shown in tig. 92. It consists 

* Oxygen may also b« ver^onvenk-ntly prepared l)y the mteraction of a 5 per cent, 
actl solution of potassium permnganate and a 10 vol. solution of hydrogen peroxide. 
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of a glass tube closed at the lower end and with a funnel at the other, 
intoowhicli a tlelivorlng tube is ground, the fui-iiel acting as a water joint. 
Two platinum wires are fused into the tube, one being,attached to a strip 
of platinum foil And tho other being immersed in zinc amalganl placed in 
the bottom of the tube. Tho tube is nearly (Hied with dilute sulphuric 
acid and, as shown in the diagram, the whole apparatus is immersed in a 
cylinder of water for cooling purposts. On colinocting tho platinum 
wires with a battery of two or three cells, the platinum foil being made 
the negative electrode, pure hydrogen is evolved, which after cxpulsifin of 
the air may bo passed into tho explosion vessel or into a holder. After 
some time the layer of liquid just over the zinc am,algam becomes 
saturated with zinc sulphate, this is then expelled through tlio side tube 
bj' pouring fresh aei/i through tho funnol. 

An apiiaratus for pf'oparing hydrogen and oxygen by electrolysis is 
shown in fig. 93. Two platinum plates, each on the end of a short [ilatinum 




wire, are each covered by a glass hood fused to a' delivery tube at tho top 
as shown. Each platinum wire is fused into the closed end of a bent 
glass tube which is filled with mercury. Tho two gas delivery tubes and 
the two tubes containing mercury pass through the rubber cork fitted in 
the top of the outer cylinder. The cylinder being nearly filled with 6 per 
cent, sulphuric aeftl and the'wires from a lowvoltago’batter; being dipped 
into tjie open tops of the mercury tubes, hydrogen and oxygon respectively 
are evolved from the negative and positive electrodes and may bo separ¬ 
ately collected. In order to avoid the formation of ozone tho current 
used should not exceed O'l ampere po" sq. crq, of electrode surface. 
Traces of hydrogen may be removed from the oxygon by passing over 
heated copper oxide and traces of oxygon removed from tho hydrogen by 
passing over heated metallic copper. 

If gas holders are not available for storiifj these gases they may be 
stored in thick-walled test tubes over mtjrcury, and a useful apparatus for 
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transferring the gas to the analysis apparatus is shown in Jg. 94 ; a b, 
are glass bulbs of about 60 fnm. diameter, connecte/1 by a glass tune, 
the bore of which ^ constricted at 6*, so as to allow mercury to pass but 
slowly from-' one bulb to the other and thus control the passage of gas 
through the narrow delivery tube d. Tlie other end r is provided with a 
short piece of rubber tubing, Jyy flowing through ivliich any dcsire<l 
quantity of gas may be ftadily delivered. Caro must be taken after use 
that the delivery tube is not removed from the trough till the angle d is 
filled With morciiry. To replenish tlie pipette with gas, fill the bulb b 
and the tubes c and d with mercury f introduce the point of d into a tube of 
gas standing in tl^p mercury trough, and draw air/rom tfie tube e. I'he 
gas in h is coiiiined between the mercury in c and that in d. 

Explosive Mixtures.— The degree of accuracy attainable at tliis stage* 
of the analysis depends mainly upon having a suitable niixtuj*o of gas be¬ 
fore explosion. Fa order to mo<icrate the violence of the explosion and in * 
order to prevent the formation of oxides of nitrogen, care must bo taken * 
that the concentration of the ‘‘ombustiblo gas is not too high. If necessary, 
the mixture is diluted with air, but it is usii;i.lly more convenient tsimply 
to add an excess of oxygen. Any dilution whhdi would prevent the ex¬ 
plosion from taking place or, what is worse, cause incomplete combustion 
on explosion must, however, bo avoided. The spark is most conveniently 
derived from an induction coil capable of giving a half-inch spark and 
should not bo continued longtn* than is necessary, or an appreciable 
(juantity of nitrogen (if present) may be oxidised. 

Tlie ddtermination of the quantity of oxjrgon whi(^i must be added to 
combustible gases so as to prevent the explosion from being*too violent, 
and at the same time to ijisiiro complete combustion, has been the sub¬ 
ject of much experiment. When the gases before explosion are «nder a 
pressure equal to about half that of the ahnosphore, the following propor¬ 
tions of the gases must bo employeii:— 

* Volume of ^ Volume of 

* Combustible Gas. Oxygen. ^ 

Hydrogen. 1 1*5 

Carbonic oxide. 1 1*5 

Methane. I 5 

Gases containing two atohis of carbon in 

the molecule, as Kthano . 1 10 

Gases containing three atoms of carbon in 

the molecule, as Propane, . . 1 18 

Gases containing four atoms of carbon in 

the molecule, as Bptane, C^H,„ . . ,1 *26 

• • 

In cases of mixtures of two or more combiU'tible gases proiKM’tionate 
quantities of oxygon ipust be introduced. 

Thomas* worked with a much smaller excess of oxygen and carried 
out the explosion at a lo\^'cr pressui’o. Thus, when determining by ex¬ 
plosion the amount of oxygen in a sample of air ho added half a volume 
of hydrogen to the air and exploded at a pressure of 400 mm; When ex¬ 
ploding combustible gases the amount of oxygen to be added and the 

»a S„ 1879 , 35 . 213. 
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pressure towliich the mixture is tube reduced before explosion are shown 
iif the following table 


Name ol (liis. 


j Hydrogen 
I Carbon monox’do 
Methane . 

Acetylene 
Ethylene . . . 

Ethane . ' . 

Propylene 
I Propane . 

!«ButyloDe . 
j Butane . 

ObvioilVly. if n large quantilyof iiinunhustilfle gas is present in the 
sample of gas about to be exploded it will be m‘eessa.ry to enrieh the 
mixture with some exple.^ivci mixture. EI»*et.rolyti(^ gas (211^ + Oo) is 
the only such mixture whosi^ addition would not interfere with the 
subsiMiucnt eaJcnlation of results. The addilimi of eha-trolytic gas to 
mixtures weak in comlnistible gaj^ is rend<u(Hl unue<*ess:ii'y in apfiaratiis 

tilted with a platinum spiral wliieh 
can lx; ke[)t ineandoseent for a sutfl- 
eient lime*^to aeliicwe eompl(‘t(^ ('om- 
luistion. 

The Preparation of Electrolytic 

(ias.—B n n s 0 n ’ s apparatus for this 
pre]»aratio|i is shown in fig. 95. Tlio 
tube with funnel into whieli is ground 
a. df'livery tube, and the outer xvater 
jacket are lli(‘ saiiie as in tlie a^'paratiis 
dosei'ibef^ for the preparation of pure 
hydrogen (tig. 92j. The two {ilatimirn 
wires fused into the side of the tiilie 
jux; eaeli connected to a strip of 
platinum foil. Tlic lube is nearly 
lilled with 5 sulphuric acid 

and the platinum Vin's confeectod to 
a battery. The eui’rent density em¬ 
ployed mii^t be low—of the 01 ‘der 0*1 ampere per sa,. cm.—or ozone which 
gives an incorrefd gas mixture and attacks the meivury in the explosion 
viissel will bo formed. This mixture should Ik; either stored over mercury 
or passed direct into the explosion vossid. Storage over water would result 
in solution of one of the constituents, after which the mixture itself 
would leave some residual gas after ex^rjsion. 

Calculation of Results of Explosion Analysis.— As previously ox- 



o 


6 


1 

1 Volume o(, , 
1 C'omhu.stibU' 1 
• Ga,M 

i -- 

Volume of 
Oxygen to 
iM.^'aflilwl. 

Pres.sun‘ 
i of Mixture 
before 
exploding. 

' ”1 

1 , 

i 1 

; 1 

1 ”, 

' 200 mm. 
200 mm. 

! 1 

2 'r> 

170 mm. 

1 

1 

*' :•{ * 

1.50 mm. 
145 mm. 

1 

4 

140 mm. 

1 

5 

1 S 5 mm. 

1 1 

1 d’T) 

hSOmm. 

1 1 ‘ ■ 

i 

125 mm. ' 

1 

7 

1 1 

120 mm. 
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plainoc!, three experimental results aiv obtainable fi'oni tljo ex[)l(isjftu 
analysis:— • • « ^ 

(1) The change Hi volume, wliieli wo will (lenob; by 

(2) Tim (Volume of C()._. formed and sul)se(|iient!y aljsorbed in i)otas)i, 

wliicli \\*e will denote by A. 

(11) 'I'lm oxygei^ c insimu'd <lyring the oKplosion, wlweh we will d<‘note 
by O.r. * * 

If it is known that only one <'\'piosivceonstitnenf was oi'ieinally present 
in tlm'gas the vohiim* of it, *is rciadily caleulated from one of Urn above 
results by. reference! to the data ^\(!n in Tabl(‘ H. Ijor example, if 
hydrogen alone w^re pres(‘nt tlie, contraction in v^^liuim after explosion 
would be divide<l by To to giv(! tln‘ volume of hy<frog(*n in the sample. ^ 
A very common mi\lur<‘ to l»e <le.termined bv c^ph^ion is one of 
hydrog<!n and nmlham*. Supjjose x vols. and ij voN. 0114 originally 
pr((S(!nfc in the sample ; r and // an! givem b^’ tlu! erpiatioiis 
* O = T;V + 2 y . 

A - II 

If vols. (»f OO were also prescint in llie mixture it would be nlVe^^ary 
to determine 0.r an<l then solve llio tlirei' e(|uations .♦ 

(! ~ T5.r + 2i/ + h.5:^ 

A - II + 

Ox O-ru; + 2// + 

TABLE B.* 

Tni'l VOIA'ME OP OXYOHN CONSUMFD, THE VoilTWE OF C(f, PKOIU CED, AND THE 

Contraction of Volume Conbequent upon the Complete Combustion op 


Unit Volume of VariiIws (Uses. 

• 

• 







Chh. 

% 1 Molecular 
'^Foniuil.i. 

Volume ot 

O^vp'ii 

Coiisiinu'il 

(0.) 

1^'iifractioii 

1)1 Volume 1 
Conse(iiieut ! 
()u Comi'let#' 

Comliu.'jti'Ui i 
(01. ! 

Volinne ol | 

Produced on j 
Complete 1 

Combustion 1 
(A) '• ; 

• 




, ! 

.Acotyleue 


2-5 

l-.O ; 

Benzene . 

■ ; 


l!-3 t 

6 

Butane . 


G-5 

(1 r, 

4 

Butylene . 

■ 

b 

3 

4 

Carbon monoxide . 

GO 

OT) 

0-.1 

1 i 

Cyanogen 

(ON), 

2 

0 i 

^2 ; 

^ 1 

p]thaue . 

■ 0,11, 

OT) 

. ! 

Ethyltyio . . • . 

* . 0.,H, 


2 1 

1 

2 i 

Hydrogen 

. i ii., 

0-5 

1.5 1 

« 1 1 

Methano . 

. i cii, 

2 

2 

1 1 

Peutano . , . • 

. i 

8 

4 ; 

6 : 

Propane . 

. ; g;ii; 

5 

:i ! 

[ 

Propylene 

. 1. C,H„ 

4T) 

2-5 i 

3 1 

1 


* For the sake of simplicity it is assumed iu this Table tliat the molecular 
volumes of all gases are the sau)^ Burrell and Seibert’ have pointed out 

* l/.S. Jiiireai /'/ Midi’s, Tecli. Paper No. 54, 
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mgfactore amgivon licrowith. ^ 1 




Molecular 

Formula. 


Volume iij 
ilyilAgen Con- 
''Unied per 
(.■mt Volume 
(H), • 




Nitric oxide . . ' ^ NO 1 

Nitrous oxid(^ • . | N.,0 1 

Oxygen ... * 6., 2 


Contraction of 
Volume ^nse- 
(^ont on Com¬ 
plete ComluH- 
tiou of Unit 
Volume with H., 
(C) 


I Volume of ' 
j COj Formed, j 



The analyt^is of gases eoiitaining more than one hydrocarbon of the 
series C„H,>''+> presents some diHiciiIty. In the first place, hydrogen 
and a^'. gases other than peraflins and nitrogen must bo previously re¬ 
moved by some other method. Then, if it is known or can be assumed 
that only two paraffins are present, calculation maybe made us in the 
following example 

Gas contains x vo!s, CII, and // vols. C.IIg. 

C 2r + 5// 

A~ X + 2ij. 

Wlien more than two paraffins are present the respective'quantities 
cannot bo aetormined. In this connection it is inqiortant to boar in mind 
that a mixture of one volume of methane '"{'tli one volume of butane 
would give the same results on explosion as two volumes of propane. 
The nature of the mixture can only ho estimated from a consideration 


of the ratios between the oljsfa-ved values foi- 

J, A, and 0.<;. The ratios 

^ and for the paraffins are as follow 



gl 

C 

c 


A 

Oj 

Methane 

2*000 

1*000 u 

Ethane 

1*250 

0-711 

Propaue 

1*000 

0*600 

Hutane 

0*875 

0.531 

Pentane 

0-800 

0*500 


that this assumption involves an appreciable error when calculating the results 
of an explosioir analysis. For example, it would be -more accurate to state the 
volume relationships as follows (cf. figures for relative density Table A, |i. 599) 

(1) 1-002 vo). II.J consumes 0*500 vol. Oo. 

(2) 0*990 vol. CHj consumes 2*000 vols. 0^ producing 0*994 vol. CO^. 

(3) 0*990 vol. OyHg consumes 3*500 vols, 0^ producing T988 vol. CO 2 . 

Even when these more accurate figuies are taken there is still an error (the 
magnitude of which is seldom calculated) due to the assumption that the mole¬ 
cular volume of a given gas under standard conditions is the same whatever the 
partial pressure from which it is deduced. Haber* recommends that the partial 
pressure of the COj, produced by the combustiiJu should not exceed 35 per cent, of 
the total pressure. 

* Thxrmtxh/nawics of Tecimical Gas Reactions. 1908. n. 308. 
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Burgess and Wheeler^ determined the nature of the ji^rafiSns ob¬ 
tained from the distHlation ef coal by calculating tlje number of CH^ 
groups present in unit volume of the mixed paraffins as foll 9 ws. 

Any volume V of a mixture of paraffins is snpiMsed to contain 
groups and nCHa gibnps 

Obviously we r^ay write V m ., • 

Furthermore, the reaction on explosion may be expressed by the 
equation 

(iTiCIIj, nCH.j) + {2m +*l'5)i^Oa = {in + w)f'Oy + {2ni + ?i)bLO. 
Therefore • ^ 

0 =£11 + (2m. + ,T5u) - {in + n) 2ii^ + O-frn 
and A = m + n. > 

On solving tlics^j (equations w«i find 

2C - A 

m -- t 


and 


u - 


2(2A - 0) • 

3 


whence 


n n 4A -'20 
V in 20 - A ' 


The nature of f ho olefines in coal gas may bn approximately estimated 
by exploding a sfsparnto sample, determining the total carbon dioxide 
formed and subtra(.'tiiig tlu? carbon dioxide duo to other (constituents. 

Calculation of Nitrogen Content from Explosion Analysis — It is 
a commoif practice wluui wi-iting down 11 h 5 re.siilts^of a gas analysis 
to estimate the nitrogen by differoime. Tlie nitrogen figure’then bears 
the accumulated c\perimi\qta,l errors of^ the whoU analysis; it is recom¬ 
mended that it should be (bibu-minod directly if a second sampl(\of the 
gas is availa))lo (see 544), 

In many cases nitrogcui may bo cletermitu'd fi’om tlie results of the 
explosion analysis by simply noting the volume of residual gas after the 
absorption of excess oxygen,•but tin* figure may then be erVoneons due to 
impurities in the oxygen or to incomplete conduistion an explosion. “ 

An alternative method of determining the ex<'ess of oxygen after ex¬ 
plosion M to mix the residual gas, after ai>^ol•ption of COo, witj;itian excess 
of hydrogen and submit it b) a second (*xjilosion ; tim oxygen cont(!nt. is 
tlicn ono-third of the contraction in volume. 


FRACTIONAL COMBUSTION. 

Tlio practice of fractional comlaisfion in gas analysis^is dejxmdent 
upon thoascortairlfM phenomenon of the different ease of oxidation of the 
gases methane, carbon monoxide, and liydrogen. A variety of oxidizing 
agents has been introiJucod from time to time, l)ut ciiprie oxide is the 
one which has hitherto given the most consistent I’osults and is the one 
most generally employed. Jfn addition to fractional combustion typified 
by the case of the use of cupric oxide, a number of what may bo termed 
slow combustion methods have been introdnt*ed. These methods depend 
upon the oxidation of tiio constituents of a carbon monoxide, methane, 

1 J. a K, 1914 , 105 , 133 . 
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aijd hydrog^ni mixhir^i by passage of tlie gaseous mixture, together with 
sutficient oxygen off air for oxidation, over Ifoated palladium or platinum. 
By careful regijlation of tlio temperature of tlie metU, preferential com¬ 
bustion of some of the constituents of the mixture can bo secured. We 
propose to discuss brielly the various nndliods employed, but it must be 
ixdnted out that iVe accuracy and ^;eliab'lity of somcf)f the methods of 
prefercniuil combustion still roquiro further investigation. 

Fractional Combustion Employing Cupric Oxide.—ln tlu^ practice of 
tliis metiiud, tlu' gaseous mixtun; of '.10, iil.j, and is passed l)aek- 
wai'ds and I'orvyards a numherof tmu s over a mass of eiiprio oxide heated 
first of all lo a temfx*reture of altout 250" (X and tinali\'*;o bright redness. 
Jn thes(! circumstance? it is claiunal Unit (a) at ahonl 250^ hydrogen and 
earl)on monorid(‘‘ are coinph'tely oxi<li/ed wiiile (/>) at a liright re(l heat 
tlie methane is complidety oxidized. This being the cum*, subse¬ 
quent meaMirement of the (^jutraction in volume an<t in('a?-urement of 
the volume of carlxm dioxubc producial at each stage would mialtle a com- 
plete analysis of the (JO, K.,, (.Hf^ mixture to !«» ma<le. Ii seen, t)ier(‘- 
fore, that the aeeuraey of the imdliod is eiiliroly (hquMnlent tqxai tlie 
truth or o.herwi^e of the assumption ot comi)l«‘te oxidation of tlu' \arious 
constituents. Tin* matt^T has been (examined m dciail by T(‘rr«^s and 
M align i n Their apparatus consisted of a tul»c of Jena glass bent into 
a spiral, hav.ng an internal dianuder of 10 inm. and a length of HOh mm. 
packed with copper oxi(l«‘, 'I’lie spiral was rais(‘d to the desired tmiipera- 
ture by immersion in a l)atb of potassium and sodium iiitrati's. Their 
conclusions an* as ftiliows:—, 

(1) ('/(rboinc Orkk. —Dry carbonic oxide wlieii not mixed with other 
combustible gases is never compKdely burne<K;u. tlie usiiai temperature 
of fraetkmai eornbiistion. Even in tin* volumetric anal 3 'sis of a mixture 
containing a large proiiortion ot carbonic oxi<((‘, (pute crromsMis n'snits 
may be oidained at tlie ciistoinary tcnqjeraturc. At a red heat, ho\v<wer, 
the eombustion^pf carbonic oxiile is comjiletc. Aioneaiid in flic dry stati*, 
tK) to 94 per eent. of the gas is Inirnt at ;105° (^* 

(2) //i/rbw/ea.- The ecunhusfion of liydrogen eointii»>nc(‘s at 1(»0"(J. to 
170'’ (1. and is complete at 2r>(r ('. 

{',\i CV<m.'»ic OrJde uiid Ifiidroifrn. —The presen<'e of hydrogen is known 
to lower the temjxoafure of combustion of earhoiiie oxide and other gases, 
and owing to this fact carbonii; oxnte in tlie lU'C'^ence of smull quantities 
of liydrogen is conqiletely burned at lower tern(M‘ratiiri‘s than that re¬ 
quired in the absence of hydrogen, ft mmous jxissible to secure complete 
quantitative fractional eomlmstion of acarhome oxide—liv<lrogen mixture 
and separation from mernane l>y eomlmstion with ciqa-b. oxide aU3(Xl'’(\, 
p|:vided the mixture is comjioscd of approximately espial proi)(n*tious of 
earbonic oxide and liydrogen on the one hand and i.uetliarie on (ho other. 

( 4 ) AfHlumf'.—'['ho combustion of metliaiie over cupric oxide liegins at 
310' C. Will'll methane is present in very siiialJ jinqiorl ion tlie combustion 
is not quite complete even at a red heat. In high concentration the 
combustion of imdlmno is conqilete at a red lieut. 

^Journ(ff /»!■ GasheUncktHH'j, 1915. See aEo^/. Gat> Li'jkfuKj, 1915, 129, 267. 
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(5) Heavy Hydrocarhonft aw JU'Otyleiu*, ethylene, aiuNbonzone .^o 
not burn qnantitativ«‘ly at t^OO'^C., even in tli<5 pixistmcc of liydrogon, owing 
to deposition of carhdn. > 

J aeger's Method. —In the aetiml pnictiee of fracthaial comlmstion 
with cupric oxi<le as introduced byJaegeri, fractional eoinlnistion of 
hydrogen and nieihauc ^ijlone c«f)jri(‘d out, ('() beWig determiiu'd by 
prcA'ioiis ji.t)sorplion ; the cop)»ei’ oxide is contnined in a small tid>o of hanl 
.I(!na gl.ass of the form shown,in tig. IXi. The tulx* ends in a capillary on 
one sid(‘, and in a sonuAvliat wi<le? (uIh* on tlu‘ oflicr. 'J’lie cuiiric oxide 
is introduc<’d tlirongli thiMvidej' en<?, a little large-graimjl ciipnc oxide 
lining first of ^11 introduced (fetained in jilace nei?r th(‘cjqiiliary end of 
the lube by a [ilug of asbestos fibre), the reniainner of flu* lube l)eing 
tlien fill(‘<l with igtiit(‘d fiiudy-powderc'd cujiric o\yle,*thri wliole being 
retained in position bv a second asbestos jilug. When in use, the lube is 
connected on the one side with (he iiu'asiu'nig biinute and on the other 
w itli the alisorjitnin jnpelle coiilaimng pofassjuni hydroxaie solutieii for ('0., 
absiirptioii. tube L-an be heat(‘d by a Hilnsen lainier [irovided 

with a special regulaliiig and tin* bead is jida))ted so that a fan-shaiied 

lb Curehe —» 



hanie is obtaiiusl wlu'iel)^' tli(‘ whole of the oxi<!e i' heatcMj. Attached to 
lh<i burner is a tramewor^ ol slovt iron. This carries k tluninoinctm' 
wliicli lies (dose to Uu' side* of llu' <-onibnstion Inlte. 'I'liealisorlnng li<,Miil 
in tlic absorplitin pipctti* isfirst of all a<Ijiistcd to tlie fixed mark 1', which 
is fakciwis tiiezero for mcasiiriunents of volume. I'he combusijion tul»e is 
now slowly lu'atdd to and this lempcraturc maintaiili^d with tin* 

mimniuni variation ]»ossil>lt>. 'I’hc gas i> now slowly passed from the 
Imndte over tlie heati'd oxide a nnmiKU’ of limes, until, on adjusting the 
potasli level again to P, tlie nu'asured volume remains constant, tlie gas 
having heon allowiMt to cool belore the measurcmient of volume is made. 
The coiTcetioii of volunqi necessitated h> tlie o^\gen contjiined initially 
in tlie e^mhnstion tube is ascertaiiUMl om-e for all by filling the burette 
witli pure hydrogen and carrying out the eomhustioii of tliis gas by nioan« 
of tlie cupric oxide, k part of IheoxvgiMi necessary for the oxidation of 
tlio hydrogen is oblaine<l from tlie air initially filling the coiiiliustioii tube, 
and the eontraidion in vohwneon oxidation is conseiiuently greater than 
it would be if tlie whole of tfie necessary oxygen were derived from the 
cupric oxide. The correction is ascertained by deducting tlie tlieorotieal 
diminution of volume from ih(ij,.ascertjiined value, 'fhe difteronce is the 


Kl. (nMencht, 1898, <1. 764. 
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ci^rrectiou und is to be subtracted from any subsequent reading of con¬ 
traction. The coprection must likewise bb applied when the nitrogen 
content of the jamplo ol gas analyzed i.s determined.} The hydrogen hav¬ 
ing been proferentiallyoxidizod at 2.50° C. or so, the cover and thermometer 
are removed and the combustion tube raised to ai bright rod heat, and 
the gas is passed t«' and fro over thq Seated cupric oxjde until, after ab¬ 
sorption of the CO.j produced, the final volume of the gas remains con¬ 
stant. The volume of CH^ originally present corresponds with the volume 
of COj produced and absorbed by fho qjotakh, so that the contraction in 
volume corresf^inds exactly (without the aliovo correction) to the volume 
of methane present. rTho nitrogen contenti of the samfile j,s obtained by 
, adding to the volume/of the residual incombustible gas the correction 
value for consumbd pxygen derived from the air in the tube, ascertained' 
as above. 

Tap I ay' uses the cuprii oxide in the form of a I'od supported on 
siVica loops so as to lie along the axis of a fused' silica combustion tube. 
According to W i b a u tthe reaction between cupric oxide and hydrogen 
or methane! is slow and the cad ixiint is asctertaiuable only with difficulty, 
consoquefit ujxm the slight diminution of volume accompanying oxidation 
being masked by the increase of volume of the gas, duo to increase of 
temperature by passage of the gas over the heated cupric oxide. W i b a u t 
finds the velocity of the reaction considerably accelerated by the use of a 
mixture of cupric oxide and cerium dioxide, in I'clativo proi»rtions such 
that the resulting mixture is greyish-whito in colour. 

The Direct Det0..'mlnatl(\'i of Nitrogen_As already meulionod, it is 

a very customary practice to ascertain tlu! nitrogen content of a gaseous 
mixture by diflci'cnce, ‘but this vannot be roy rdod as completely satis¬ 
factory.' When the nitrogen can bo directly detei'mined, a chock is obtained 
upon the accuracy of the rest ol Iho analysis, and furtfiermru'e a know¬ 
ledge of the nitrogen content of industrial gases is of growing importance 
and demands ejireet d(!termination. The principle of the method em¬ 
ployed is based upon the well-known 1) u m a s'method of detej'inining the 
nitrogen in orgauii- compounds. ,Ia ege i' (loc. cit.) using the apparatus 
already dcs(!ribed, d(!te]’mincd the nitrogen content :ilone of a g.'is sanqile 
by heatinJX'be cupric oxide directly to a bright reil heat and piastiing the 
gas sam)jle a number of times over the heated'oxide until the final volume 
alter coifiing remained constant. The whole of the gaseous components 
ot the mixture except nitrogen were in this manner r(!nioved. The 
residual volume after cooling was then determined, and the correction for 
tho oxygon of the air being partly responsible for the oxidation process 
(ascertained as before) vVas added. When tho'air iu the copper oxide 
tnl:o was replaced by nitrogen previous to the tost, no correction of tliis 
kind was n^jcessary. The re/iiicod copjwr was ro-oxidizod to cupric oxide 
after each test by heating in a current of air. 

Smith® described a method, based uiwn yiinilar principles, for deal¬ 
ing with iai’ger volnmes of gas. 

‘ /. (faa Lighting, 1918, IM, 870. 

3 Chem. Wfuiblad, 1914 ; ./. Gas Ligh/illg, 1914, 127, 174. 

3/. .S. C'./., 1899, U. 213. 




hdod water, :i, (iiiartz lube C', coppur oxide, ;i Haiupliie; burotto 

D, containing aciduialed water, an<l a c.irboii die\ide*genorating ap¬ 
paratus E * 

The atniaratiis liavitig been pnwed gas tigiit, ali air is expelled 
iiie (piartz t.ub<i aii'i capillary eonnoclion by means of carlion dioxide. 
The sample of gas is di’awa into ilie burette 1) and inoasured off at a 
known temiHU'ature; it i»tlien passed slowly through the tube C, heated 
to redness, into tlto buretfe Ik Tlio gas is passed backwards and for-* 
wards betw(ien 11 and D several times, after whicli the residual gas is 
completely swept into R by i^ans of earbort dioxide. The stop cock IT is 

, ' OV# \Vn,'t,{, lini, 85, 811 . .4 l.Kjlituoi, 11)11, 118. «10. 
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closed and ^lu^ nitroK<*n-car))on dioxide mixture in B is transferred to A 
fo/absoii)tion of cubism dioxide and measurement of nitrogen. If ne(^eH- 
sary, correct ion is made for the ilifferencci fwitween the temperature of 
the nitrogen in A and the oiiginal tein|M‘i‘aturo of tlu^ gas wlioh moasnred 
in 1). 

B al eon ^ and Hi m i t li ^ tuivt^ 4lcsc|jil)e(^ modilioatioi)'^ of the Bone and 
Wheeler apparatus (4i.v.) wluMvhy nitrogen may he 4lirectly determined in 
a somewhat similar mamu'r. 

Combustion Methods Employing PaUadium or Platinum.—A number 
of experimentiU's liave devolop(Hl the ifrocesscs of fractional combustion of 
gaseous constituents employing palladiumr or platiirjm as catalysts, 
whereby tlie oxidation'^ process is V(‘ry conKidorably accelerated. The 
'()xidati»m process i? carried out l)y bringing tins coml)Usti!)Ic gases mixed 
with an excess of air or oxyg4‘-n into intimate contact witli a wire or tid)e 
of the metal in (luestion. Acc«wding to Winkle r, •' methane is n4)t burnt 
at all when parsed o\(‘r pallailium aslH'stos kept luxated by a naked flame, 
and oven in the presence of cunsiderahio iixccss of (aisily comhustihic 
gases, there is, if any, only a slight trace of methane burnt. II cm pe l'‘ 
states that methaiu^ wlnm passed ov^n* [talladiumizi'd asbestos does not 
burn at all at tthnperatur(‘s up to lOO^'C. 'I’lie combustion begins at about 
*200® C. Abov*^ 20d'* C., a jwrtion of the nndhane is ))urnt along witli tlnj 
hydrogen. rhillii)s‘' gives the t»‘mporatnre of oxidation of methane 
by palhulinmized asbestos as 4()4'‘-414® (1., and lie further stales that a 
variation in the proportion of inlhunmahle gas ami air does not seem to 
affect the oxidation dempeiature. K i c h a nl t® found tiiat appreciable 
oxidation of riiotliane in tin' presence of jialladiumized aslx'stos was not ob¬ 
tained until a temp(‘ratM’e of was rei^ilied. fie states that for 

fraetiona' eondmstion of hyiirogim, using paliadiumized asbestos, the 
temperature must not exceed C. Denham’ concludes that 

the temperature of 4-ombustion of practically pure metliane and oxygen 
lies betwei'ii and 04(1° (J. I’’urther, a varial'.on in the volumes of ilio 

gases(metluin*^ ahd oxygmi)present cxercis<“s aii-inllmuieci on tlie nc(H‘ssary 
teinphratmx*, tiMuling to raise it alMivo that n'coixhMt hir a gaseous mixture 
in proper projiortion for complete eoiuliustion. Tin* usual method of frae- 
tional eom?^“'<tion of hydrogen in the prosmiceof mi'thune, using palladiuni- 
izeil asbestos, gives relialile results if the t(mi)>3rature does not rise above 
500° 0.-550° 0. In no case di<l D n h a m find anvl hing approaching com¬ 
plete coinhiistion of imdliane, although the g.'i,s was in some cases at 100° 
above its temperutun} of comtiustion. This is in agioemcnt with the 
result of R i (t h a r d t, who found only 1'3 per cent, of the methane burnt 
atCOO°C. ' " i. , 

Combustion Method Employing Palladium.—'I'his method can bo em¬ 
ployed to give reliable results w'hen used for the determination of hydro¬ 
gen and carbon monoxide in the ]'resence ot methane. The palladium can 

1 Lvikiimj^ lyilt, 121, 102. Vto . ItV/f^ 1919, 71, 3-12. 

'Se' ljutig«, Terlialfnf Gas Anah/sis, 1914, p. 167. 

* Metlniih of (ins A iial'isis, 1892, p. 131. 

Avunani Ghnniftl Joiiinal, 1894, 16, 163-187, 

**./. GashelenclU, 1904, 47, .^i86-570 and 590-tX, 

T .f S i,. /.. 1905. 24,1202. 
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be employed either in the form of wire or of palhuliuniized asbextOR. Tal- 
ladiurn wire is recofiimondld by B ii n t e,* and is ujed in the form ^f a 
very thin filament About 15 mm. long. The wire is inserted in the con¬ 
striction pi'inluced^ by drawing down a tuln' of potash glass. Plugs of 
a8l)esto.s fibre are ifisertcid ii* tlio unrestricted poilion of the tul) 0 . 
Richardt ree«miiiieuds flu* tul|^>! to be lu*at<Ml to^a buuperatun! such 
that the ehnraetoristic yellow colour of sodium is impa.rte(i to the tip of 
the flame employ<Ml, 

Palhidiiimized asitestos fAr tlWs purpose* was introduced by Winkler 
and is preiiarcd as follows;— • * ^ 

One gm. td* |)fi4ladium is (»)nverted into ehloridi; by tln^ action of HCl, 
and thou redu<;ed by tlic H<i<iitiou of a cold saturiited solution of sodium 
formato, suffhuent sodium carbonate being added to •niajce the solution* 
strongly alkaline. About 1 gm. of asbestos fibre is*pla.c<Ml in the solution 
and removetl after becoming saturated wifli the solution, and dried at a* 
gentle heat. The ashcs'fos is tlu*n vvaslie<l \uth boiling wafer and fiiutlly 
well dried. 

The eomluistion tulx^ (Muployed is ahoiiU I. mm. iut(*rual diameter and 
about 8 cm tong, and is tilled over a length of about 1 cm. 4)y twisting 
together a few threads of the moistened palladiuinized aslTestos and push¬ 
ing them into the tube, tlu^ asbestos being finally dried by beating over a 
watrn* batli. 

Tiui tub<! <'ontainiiig oilher i)alla<Uum win* or asbestos is inserted be¬ 
tween tip* absor))lion j ipeth^ and tin* measuring burette, as already de- 
sciil«‘d in the, easi* of fractional eonihn.-^ion witW miprie oxide. The 
lieating of tin* wire or aslx'stos is doin^ by means of a sfiirit^amp or vanw 
small burner and, whok. asbestos is ^>mployed,* tin; combustion having 
l)«5en so initiateel, continnos witliont fnrtlier application of heat. • 

Combustion Methods Employing Platinum. -Insteael of palladium, 
platinum may lee used to accelerate the eomhnstion of gases such as 
carbon monoxide*, l)y<lr3gen, and metliain*. 'riie platinum is us<*d in*tlic 
form of wire or in the foftn of a tube. Various arraiigenients bavi; been 
devised for earrving out the process :— * 

(l'^77f«’ H'i )i k I r II n is ^*o)nhiintion t'iprltc.- This consists of an 
ordinai'v Ifenipel pipette modifi<'d by the introdn(‘tion ^ T 1i sjiira,! of 
platinum wire which can lie m/iintainod eleetncaily in a state of inean- 
d(;s(“ence. The instrument is not a eonvenif'-nt one to use. The contact 
between the jilafinnm spiral and llie gas is not very intimate an<l an ex¬ 
plosion is lial'le to occur unless the gaseous mixture is led slowly into the 
pipette. 

{2)/) r r haM.-VI idi's Flathmvi CapiUanj Tithe .—This iseonstitnt(*d of 
a seamless platinum tube 10 cm. long, 2 or II mm. external diameteiwand 
0'7 mm. internal difyiieter. The tube terminates in two cooling jackets 
(R(;o fig. 98) tilled with water. A few fine platinum wiri's are packed 
into the capillary and, tin* tube is raised to a bright red heat, a 

coin))nst.ihle mixture passe«l through the tube is <'oinp!etely burnt. Th^ 

J./. (JasMeuchf, 1878, 21. 263, ami /*-/.. 1878, il. 112.8. 
a /. II. <\, 1881). ,S. t\ /., 188D, 8. 570. 

ikrtchk, 1888, 21, 8215. 
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apparatus is connected to the absorption pipette and the burette as already 
explained. , ^ h ' 

(3) L e r // ’ s SilirihPIaihrun) ComhuHiitni CapUhtryh—TUh isilhisti’ated 
in 09. Al^ is a tiilx* of fused silica about 7 mm. extordal diamotor 
an<{ 1'5 mm. boic. Cl) is a wire composed of.aii'alloy of platinum 
with 30 per coni’. vJ iridium. 'Hiis is strotched axiall^^ alonj^ the silica 
tuLu) Alb 'liie ie!ulin^"-m wires EC Knd 1^1) arc ma.do of molybdomini, 
this bein;i the only motal which can 1)0 sati-'l’actorily fused into silica. 
The molybdenum wire terminates at Ii^ani>l'’ in solid lumps of Haul to 
wliieh copper wjres are soldered. (> iiiid II are lea<ling-in lubes of siliea 


Fm. 98. 

about F’lum. bore ulij<-li s»u‘ve to pass tlie eas throu^di ilu' iul'O ,\U and 
over the w'lro CD. which is lu'ated by a eurreiit from a *2-volt or 4.voit 
baltcry, the temperature bein<f r(‘^oilalo<l by means of a rlu'ostai inchuiecl 
in the cirenil. The heated wire is corruealed so as to ta,ke up the ex¬ 
pansion on lieating. This can likewise 1)0 effeeied bv usinj; a strai^dit 
wire an<l employing a short hpnnj,M)f moiyl)donmn. 'Flu* o\i)lation of a 
},oaseous mixture i-, acceHu’aled if tin* wall of the eapilhvrv tui)e H‘eei\(w a 
eoatiue of Hnc1y-divi<led plarivuni produee<l by >[)lulterineof Die ))latinum 
wire.- 

'ri )0 metliod of eomlAisiiou of v ^eiseous mirfuro iisinj; platinum "ivcs 
reliable fo'^ult^ wlum u^i*)l tor methane determinations. The limitations 




of llu‘ metliod foi- use in fraetioual eombustion have, not yet been specilied 
with the saiiu* degree of precision as in tlie ea^es of cupric oxide and 
palladium. bevy-*<-laimslhal bvthc of the silica-platinum capillary 
lube an accurate analysis can Im* madt) of a gaseous mixture containing 
hydrogen, carbon monoxide, iiietimni‘, aiul nitrogen. Fhf this pui^iose he 
proposes two methods :— 

Complete Combustion Method. -In tins motiv'd a few r,.c. of the 
gaseous mi.xture, aft^u’removal <f abhorliable constituents, arc measured 
and excess of air or oxygen added, flu* resultant volume being measured. 
I'ho mixture is tiien passed a tew limes (2 of 3) over the platinum wire 
heated to incipient whiteness. After (‘aeh iiassago the gas is allowed to 

1,X. <\ 1912, 31,1153 ; J. (his l^htnl<|, 1913, 122, 455. 

-./. X /., 1912, 31, 1153. ^ '■* J. Gas h<jhll,i(j, 1913, 122, 457. 
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c(jui atiu, wiion no furf;hor oonf-raoiion is ohiainotl by passage', of thogas 
ovHr Uio he<ato(l vvim, tlie c|ntra('tiofi is iiotcri. Tlio CO-j pre^luc^d is#a.l»- 
HOi’bod by jiotasli, Jio I'csvntiiig diminution of voluin**, being noted. 'Hk' 
exeossot onygeiti isal)sorl>ed t)y alkaline pyrogallate solutirfh. The aiftouni 
of oxygen used in^tJuvompleb; oxblation is thus tlete'rftiined, and if 


* C --^<*onfraetioii^on combustion 

A ~ contraction on absorption in potash 
0. volume of oxygen us(*d in the oxidation 


,C0 present - 


4A + (> - 30. 

3 •• 


. « 

CIIj pre'H'iit ^ 


30 .* - (; - A 

3 


present 0 - 0,. 


Fractional Combustion Method. - I,*vy state's that if tlie wire bd 
li('al(Kl to scarcely \i^ible rediaiss, the h^dnigeii and o( casioiially somf (»f 
llio carbon nionoxHle are liiirni, while IIk^ njethaiie is imalleclod. On 
heating liu! uin^ to inci[)ient wliileiu‘s>, Jiic* remainder «)l th** carbon 
monoxide and tlie whole of the metlia.ne aie oxidized, pjwcei'diiig as 
before, at scarcefy visible redncss, lettlie ctn)tra<-lion of vfllunie tn; (t, and 
the furtlioi (smlraclion on absorption with potash ))e Aj. After healing 
to imupient w]ijten(‘s.s let The furtlier contraction bo (\ and the furllicr 
<!oiitru<’tion on ahsurjdiou witli ^xitash A.. Tlicii : - 

2/ A,\ 2 (b - A,> 

II.!])l'CsC|||, j (ylf, pl'CM'tli - 


(H>_prcscnf 



!.e V y rc.coinnicnds the eomplclt* combustion method tor*use in a 
constant volume apparatus, while for u&e willi iiistrnments in which 
measurements are ma<^e at c<instant pressiin* the fraetiona) comlut-Jion 
mothoil is to l»e prel’enx'd^ • 

Amung.st other methods of fraclanial eonihiHlioii jna\ l.x' meu 4 ioned 
(hat intro(inc(‘<l by Mosoraiid Schmid,’ in which the gaseous mixturo ^ 
is pai^led over about 20 gnf of \<'IIow iiicniii'ic oxidt' conlauicd m a U- 
tubo, maintauK'd at lOO'V- l‘y imniersing iIk* tube in boiiiipg water. The* 
resulting (tOo is absorbt'd bv means ol siandnrili/<‘d liaryla. water. The 
mercuric oxide is to be i>recipital<‘d and <li'ii'd at a low leniix'rafure and 
protected from tlie jiroiougi'*! aefioii ot light. Oxide pri'ciitilatod in hot 
solution, or the ix'<l oxkh*, is iiiactixe. The oxidation of aliout bK) c.c. of 
gas requires aj^out 45 minutes. iMethane is nfiatfecte<l fit 100" (b, while 
hydrogen is partially nxidiz('d but does not udinouce tlie titration with 
standardized ba,rvtii water.- *• 

The Absorption*of Hydrogen by Metallic Palladium.- Fn'sldy re¬ 
duced metallii? palla<lium has flic projmrty of absorbing hydrogen at 
ordinary temperatuixs, aftfl this provides a useful ni('iho<lof separating 


1 /. a. U., 1914, 53, 217-233. 

-A now nietlnxl Inr tlie cninploto combnstmn of gas is dfsenbod by Kaleta {Cheiu. 
y.eit., 1922, 48, 430), who tin',pimple tliroiigli a iiipplo into a special pijiette eoutain- 
iiig a hoiikd platinum wire m an atl^o^pllt're ot oxjgen. The gas is ignited and burns 
^owly with vi.sib^ dame • 
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hy(ir«n„f<*n froro t)i(' pnrfifRns. Bona and Jordan* have doKcribed in 
dotjoil lujw tfiis may bo dom^ vvlion working )vith fairly largo samples of 
gas, ])nl their inothofi is also applieablo to tiio !inalysis^)f smalh'r samples. 

8dnii* fo^slily'reduced palladium black, previously lieated tn.redness in 
a vacuum, is placed in a small glass bulb inimerseij in-a water batli and 
connected by suitably bent glass tid)ing lo a stop-c.ock at each end. One 
slop-cock is connected to tin'vessel cbntf/ining Kie gas sample and the 
otlier to a pressure gaug(' and Sprengol jmmp. 'I’he whole apparatus, 
cxe(‘pt the vessel coiitaining tiu' gas sarnpi(‘, is first <^vacuated l)y means 
of the pmnp. The pumj) is tlnm shjit off from tlie palladiuip bnlb by 
means of the stbp-cock and tlic. gas sample is pass(‘d yito contac,t witli 
the palladium. Tlic veVsel originally containing the gas is then shut off 
from tlie Imlh and,^he action of the pump having ht'cn stopped, the t)ulb is 
connected with \U(', pressure gauge, 'fhe course of the absorption of iiydro- 
gen by the palladium is followed by ol)s<u'ving the prt'ssurc indicated on 
the,gauge ; whim tli(‘ al)M)i‘[itiou ceases, tlie I’esidual gas is drawn off by the 
Spreiigel pump into a tube standing over nunvury in the trough at the 
base of the iiunip. Tin; water in the bath is now heatjnl to KMf C. to expel 
the hydrog(pi prevKiusly absorl)e<l by the palladium, this liydrogen being 
drawn off by tlie pump and discarded. Finally the bulb is <wacualed af 
KKb (J. and aliowed to cool, witen, it d(*^ired, the gas sample can be sub¬ 
jected to a second treatment. Tlie liydrogen occludcil by tln^ palla<lium, 
however, has an at)preciable va[»onr pref'sun* even at ordinary tempm'a- 
tures, so that tiie la^t traces of liydrogen must be remove<i from the gas 
by oxidation, in eontaet witli “ oxidizi'd ” palladinin. 

The palhur'iiim is removed from tlie absorption Imlb and heated to 
dull rediu>s in a hard glass tube attached to a pmnp tor the expulsion of 
as much oe<*luded liydrogen as possible. It is tlfe'ii heateil to re<ln(^ss in a 
gentle current ot air until if has uerpiinMl the charaidoristic dark blue 
oxidation tint. Tlu! “ oxidized ” iialhulium is returned toti)<‘ absorption 
bulb, wiiieh is evacuated as before. 'J'lie gas saii(j)le is intiwhieed to tlie 
bulb once more, maintained at. a temperature (,'f 100" and allowed to 
remaki in contact with the oxidized palladium for 20 or 30 minutes. The 
residua! gas may then be wit’idrawn throiigli the Sprengel pump, 
measured ‘-xiid submitted to tlie usual ex])losioii analysis. » 

H 0 in p <* P absorlied hydrogen by mean^ of tixidized pidhnlimn, and 
eniployeil an apparatu» similar lo that shown in fig. 108 in vvliieli file 
connecting tube K wa^ replaced by a U-tube immersiMl in a beaker of hot 
water and containing the oxidize<l palladium. The piixdte (' and the 
burette A contained water. After passing tlie gas several times through 
the U-tube, tli<‘ dinunutioii in volmm^ repr(‘s«Mited the volume of hydrogen 
absorbeil plus lln^ volume of oxygen originally in the U-tube. Tjie'’1atter 
was*'determined once for all, so that the necessary correction could be 
applied to obtain tlie volume of hydrogen 

APPARATUS USED FOR QAS ANALYSIS. 

Tfie description of even a small proportion of the various forms of 
apparatus designed for purposes of gas analysis would require considerably 

•r. N., 1901, TO, 1044. 



I'ORMS OP APPARATUS. 



• • • 

more Kpaee than can bo allowed in a volume of thi« nature. In the fol¬ 
lowing pagers an a^teni[)t is made to d(*s<!ribe the eonstru^-tion and use 
of a few typical forms of|J.pparatus apj)li('able to gtfhoral analytu-alaind 
technical ,)vork, nifd some of the modifications made to ineet siH!cial,cases. 

Two mothods*of measuring gas(*s an? employed^ and afford a means of 
dividing the forms oT apparatus info two groups:— * 

(a) Tho vohhue of yjo gas is constant and joeasnreniont made of 
the pressun?. 

(ii) The volume of tho gas is measured at constant pressure. 

Tin? use of oudiomot(?rs :fK originally deserihed by 11 mi son in¬ 
volved tfie waste of much time wliilo the gas attained ^•oom-t(onporatui(? 
before nicji^ureftieni, and Wn? nc(-'es.sary coiTiM-^inns for temp(?ratur(? and 
presHuro wen? tedious. • 

VV i 11 i a m s o ii and R u s s e 1 P doscrilxMl an^api^aivitus, by means of 
whi<'h the gas(?s in the eudiometers W(*re m(‘asiir(?d under a constant 
pressure, the correction for teini)eratnre*being eliminated by varying tl*e 
column of mort?nry in the tube so as to cmiiponsate for tin? alteratn^n of 
voIiiiiK? obs{‘rv<Ml ill a tube containing a standard volume of moist air, as 
explained on j». 522. • * 

This njiparatiis was further dcveloj>ed - by tin? aildition flf a. separate 
laboratory vessel in which flu? ab>orj)tioiis wto’e made. 

Runs (‘IP molitii'd the apparatus so fh?it li(juid reagents could b(‘ 
used in tin? (‘ndiom<‘ter. Regnault and R e i se t Mntro(tnc(?d an ap¬ 
paratus in which the ai)Mir|)lion> wc're carried out in a s(*parate laboratory 
vos(‘l and in whicli the i(re>sii]‘e at which the gas was m(‘asurod was ob- 
s(n*vi?d. K ra n b 1 a n d and W a r d " iiu^h? M‘V('ifil imiK^rtaiit imi>rove- 
ments in lliis apparatus. They introduc{‘(l a third tub(‘, mad(‘ to act a^ a 
haroniet(‘r, to iiidicat^dlu? prcssiint ((f gas in the measuring tube, thus 
rendering the operation entirely indept'iidcut of varialhms of {fliiK.tspherie 
]>r(?ssnr(?. Tin? correction for aipicous vap(air was also eliminat(‘d by in¬ 
troducing a drop of water into th(‘ ba roim'da’ as W('ll as into l)i(‘ nn'at'iiring 
tube, so that the ditFeren(a‘ of level of mei’ciiry at oina* gav(? the prt^ssun* 
of dry gas. 'I’ln? explosfon analysis was carried out in tin' nKaisiiriiig tube 
under J•<‘duc(‘d pressiin*. 

e L<‘()d"furth(*r improv(‘d uix>n tliesc forms of a[(paratus byarrang-* 
iiiga stop-cock at the liottoiii of tin? measuring liilx' for yi(‘'a(lmis.si<ni o^ 
mercury. 

li o m a s ■ (l(‘scrilK‘(l an apparatus »‘mbodying the <‘los<‘d ])r(?ssnre tube 
of Fraiikland and Wa rd to \\lueh iiKM'euiw is a(lmilt(‘d from tin? 
bottom, as in MeJiOod's ap[)aratiis. This is shown in Fig. KM), and its 
(?ssential feature is that tiu? eudiometer is kejit very sln^rt wliile tin' banv 
niet*r tube ii^hiuch longer and extimds above Ihe top of fin? einiiometer. 
Tho explosion analysis is (tanaed out in tin? (?u(liomt?ler uiid(?r i»iliiced 
pressure as montiiinod on p. 538, and this j)erniits the shortening of the 
eudiom(?fcer. By arranging for the long length of barometer tube above 
the oLuliometor a volu^io of gas may lx? inoasnrt?d niiilcr nearly atmos- 

I J‘roc. Hoyal .Vor., 1857-1859, 9.218. 2 ./. i\ S., 18i)4, 17, 238. 

^IhuL, 1868. 21, 128. *.lx/(. iVnm Phys. (8|, 28, 3t«. 

^/. (\ .y.. 1853, 9, 197. '^IbuJ.y 1869, 22. 313. ■ Ihid., 1879, 39, 231. 
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me bteel clamp and fac(ds I’orinin^f tJie 4‘onnecli-/iio Muiweeii llieendio- 
moter and detac,htiJ>le lal>ii*atoi‘y tube of Kranklaiul’s apparatus^re 
dispensed witli, as tliis I’S'in the cudionn.dcr and l?t^oral<)i‘y vessels itrc 
united by .V; continuous capiliary tube, 12 niin. {outside^ diamotoi^ and 
one three-way glaas tjy) is employed in place of Hk; slo[)-c<)cks. The 
glass tap is hollojv in tlie centre, and tlu'ougii lids liullow a cojiununica- 
tion is made with tjie e.ipil)ai\\, bf«nearus of which Oil her the laboratory 
tube or tlie eudiometer cfvn be, waslied <\ul. As the laboratory vessel J» 
not dkeonneeted for th(! removal of thd roagenl used in an absorption, it 
is supported by a elamp, as shown ^n llio ligun*; and wluui it requires 
washing out the yiercury Iruiigh is turned a^l(lc tor ptiifioses of injecting 
a stream ofVator, the iroiigli l)eing supported osi*aii adjustable stand to 
facilitate this operation. Tlie !al)oratoiy tube i''*lilli“d with mercury by, 
sucking the air out through the i-apilJary stop-couk. TlA Inuglit of the 
trough can be accuralely adjiihlisl and wlipn tin' trough i- lu position, tin; 
clamp holding the laboivdory vessel may be loo.-'cd it ne<-e.-^ary. ^ 

'I'he eudiometer and barometer tubes pA'-s lliiough an india-rubber 
stopper, as 111 MclA'od’s apparatus, but arc not snppoj-lcd by the clamp 
C, which Jicje simply supjHH’ts the water-jackoi. IS\» glass st(^>cocks are 
used, or glass work of any kind eiiiplojed in the coiistructjun of tho*lower 
portion ot tlie apparatus. The towin’ I'lid of the cudinmctcr luis a neck of 
tlie same outside diameter as tlie barometer Iut)e mm.), and both 
I ubes ni’c tixeil into the steel btm k X, by the iisiiat steam cyliiuler gtaiid 
arrangemour, small imlia-i'iil>bcr rings being used In term the packing. 
Th(! steel block is securely Ji\ed to the tal'le. The tap in the steel block 
is so devised that it JirsL cuts ell ceimecliofl with (ife barometer tube, in 
order that the gas inav bo drawn over from lliejabojatory vessel into tlie 
eiidionieter without riskiriglhe liacturfi ot the iipj'creud ol tlie barometer 
tube by any sudden jiiriish ot the nierciirv Jtv nieving the ^landle a 
little fiirtliiM’ on tlu^ iiuadraiit. a cnminuiiu-atien is made witli b(»t)i tubes 
anil the reservoir, so as^to take a reading ; ttien the handle is drawji a 
little further to mit oH reservoir sopjilv, wliilst linkway is still open 
between the eiiilioimderand barometer tub<*s, and it the handle be4ravvn 
forward a little more, all <•ol^munl(■alion in ctil oil lor tlie juirpose ol ^ 
e\|)loi1!ng. • •• 

The windlass 1*, for nysing and lowering tin'iiierciiry ^’eservoir J/, is# 
placed beneatli the lal>l<‘, in ordei'tliat it ma_\ lie arcessiliie from a posi¬ 
tion opposite the laboralorv vi'ssel, and is turiiis|i<‘d with a spring ratehel 
so as to bo workiMl b\ one hand. The water jackiU is 4 ins. m dianii'ter, 
and the casing tube of the bai’omeler as wide as jiractu-alile, so that the 
teinperaturi^ ofj^ie apparatus ma) be niaiiitain^il as constant as possible. 

To attain an aceiirate result it is as esMnitial to keep the barometer tube 
of uniform tomiMU’afnre as the eudiometer, ^ince tin' jin^sNiire of aqiTijous 
vajKuir varies consuitirably with temperature. The sfivam of water is 
run in through the casing tube at the iipjiei’end ot the barometer, and, 
whilst the water-jacket is*tjlling, the lap at the lioltom is opened slightlw 
so that W'ater may run out very slowly. Wlnm the vvaU'r-jaeki't is fml^ 
the upright tube G acts as a syphon, thus ki^qaiig up the circulation at 
the point, wliore it is most r#quired. Tlu'n^ arc only two working taps 
m this aiiparatus, the tliree-way glass-tap belwoeu the eudiometer and 
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the Ial)Ovatory tube, and Ihe ntetd tMj) at Ww l)as« of tlio barometer and 
eu<i»om(*.t(5r.' Wlnm Ww laboratoi'y vof^sel lia# to Ix^ washed out after an 
absorption, tlio jjas is transferred to tln^ (‘udioriotor nijtil the absorbent is 
witliiti a (luartei'of an inch of tlje stoj)-<.*(H.-k. As soon as the ga» has passed 
over to the extent p-iquired, the tlireo-way taj) is tuiqiod'until the through- 
way is at right angles to the capillary, and tln^ way to (he hollow of the 
tap is in communication with the labrtf'ato^y vessrl, then the stopper from 
the liollow is withdrawn so tliat the mercury Hows out, arul tlio lalioratory 
vessel allowed to empty whilst t‘he volume'of tlie gas is read.* The 
laboratory vc’issel can l)e washed out* j,jy means of a syi-ing(^ apd ndilled 
in a very litiie'time, as it is already conne(de<l, and, for all ordinary 
absorptions it is sufheient to wash the , vessel out on<' 0 . 'liie explosion 
analysis is carried, out mnler reduced jiressur(‘ with a small excess of 
oxygen. When' dealing with mixtures of combustible gases a suitable 
pressure mui-t tie clmsen aft(‘l^con^i^l(‘l•atioll of the probable approximate 
analysis. It is better to explode at a slightly less pressure than to exceed 
that iHM'ommemled. 

Meyer an<l Seulu^rt’ iiave de.signed a gas analysis apparatus 
similar in /nany respects to tliat of Mcl.eod and Thomas, but of a 
simpler construction and esp»‘cially adapted for<;\plosions under diminished 
pressure. 

The Bone and Wheeler Apparatus.— TIic es^emiia! features of the 
foregoing types of apparatu^ w*u '0 eml)(Mlie<l in the ajq)aratus (lescribe<l 
by Bone,and Bone and W)i i'e I e r'‘have des^-ribed a modification 
of this apparatus which i-an lie usefully enqiloviMl m most <*ases where 
accurate anaU'ses are nsjuinMi. As tliis a)>paralus can b(‘, and iias been, 
further modified to meet, special c<w‘s, it will be <tes<'i‘iticd in some detail. 

The gemu'al cliaraeter and anUngeiiuMit ol llu* various parts of the 
apparatus are sliown in tig. 101. Its essential featuies are (1) a separate 
laboratory vessel !% standing over mereiiry in a trough G ; (2) a measur- 
ingdube A and a pressure tuf>e B, botii eontaiiu'ij in a water-jaek(d, and 
to which mercuto' is adniittixl from the l)()ttoi\j througli the tap 0 as in 
McI*eod’s apparatus; (3) an explosion vi^ssel K, into which platinum 
wires are fuseil at the top, and tlic bottom of whu'h is connected with a 
separate n^*rcnry resi'rvoir H. 'I’lie connectilig tubes betwemi A,'j 5 and 
F, are of capiliary tul>iug tiinmghout, and, as is sliown, tlie gas in passing 
from one vessel to the other only coint's in contact witli one ruhbeu* joint. 
Th<^ latnmUory vessel is made deta<'hahle, from tlie n‘st of tlie apparatus 
for cleaning purjtoses. Between th(5 vessels A ami K is fuseil a tlirec-way 
stop-eock so that, if di^sired, connection may tie maile with any suitable 
vessel containing the gas i^iinple. If more convenient, tjp; sample of gas 
maybe introduced into the laboratory vessel through suitably bent glass 
tubrffg or from an ordinary test tui>e. At the top of the laboratory vessel 
is a three-way stop-c<)ck, one limb of whiidi is c(imiei*ted to a Winchester- 
quart bottle in whieli a partial vacuum is maintained; an ordinary water 
pump may be conveniently employed for this |.ur|)Ose and need only be 


^ /. a. f!., 188.^1, 24 , 414. - l*n>c. Chm. S»c., 1898, p. 154. 

Kf. X (\ L, 1908, 2?i 10. 
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used at intcrvalK If a tap is placod l)etw<‘(*n tli(^ pump and tlut bottle. The 
various pai’ts of tlioapparatJAs are ineiintedon a \v(K)d<*fi .starai^wit.h vei^ical 
stee! rocis KUpj>orti^ig tljo ulielvcis as shown. T1 h 5 ^nri'cui'y reservoir 1) 



whieli is connected to the tap C with strong riiblKM- tubing is supported in 
a wooden carrier which ina'^ l)e raised or lowered (to tiie ground level if 
required) by a pulley and ratchet wheel. As tiie tap 0 is subjected to 
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considorablo of mercury, it is dosiiable to liave the plug extended 

andcdrilled t.finsvevNcly below lli(‘ barrel sc as to 'take a wooden pin 
to prevent upward inovcniuuit of the plug.S/ Hefeu'e eommencung an 
analysis, cjire is tak<Mi that tlie whole apparatus clean (it is linally 
washed out witli htth^ 5 per cent, sulphuric ac^d), ’und it is proved 
gaslight. The whole of llie apparatu> is tilled with m^’cnry by raising 
th<^ two mercury reservoir^ nnd oxiielliHig a'll air i«ud excess acid tlirougli 
the limb provided for the >ampl|ng \e>sel or into the laboraiory vessel F. 
Conneetiou is then made with (he suet ion vtv^sel in order toremo\oair 
and acid from F. The drop of nunvui^^ drawn over by the suction each 
time tliis operation is pi'rfornied is subsc'{Uenf ly recovered, purified, and 
ndunied to tlu' apparatus. The principK^ o'r measurement employed is 
that introduced by Ke g ii a u 11 and U e i s e l (loe. eit.) vi/. the ineasuro- 
menr of the pressure of »lie gas at eoiistaiit vttiume A niimlM'rof etmstant 
v.olume marks are provi<letl ou^rhe tube A, and wlien iiu'asuring the gas 
tbe jnenuiry Itntd in A is biuughi (o a pit'detenniiKMl point by I'aising or 
lowering tlio reservoir I). The prt's.sure of flie gas is llaui determine') by 
noting the merenry level m the pressure tulte IT The niereury levt'ls in 
A and B sl^ould be obstu’ved through a small teleseojH^ nunuitt'd on a 
vertical sletd ro|,l close to Ilie outside ot the walerjai-kcl ; opposite this 
t(‘lescope (at tlu‘ back of the watt'r-jacktd) then* sliould lie a small eleetrio 
lamp behind a ground glass sert'iMi also nuniiifed on a vt'rtica! rod so that 
it (ran be raist^l or lowert'd to the approximate le\(‘l of tlic mcrcuiv. 

The tubes A and B art^ made in one pieet‘ ami are surrounded by tiie 
water jacket through which water contmuallv Hows. TIu* inner aurfaces 
of the whole apparatus are kept just moist witli o per emit, sulplinrie acid 
solution. This servos as jj, precaution against any slight aeeblentiil foul¬ 
ing <if the measuring liilie with aikiftine reagents,' ami, sim-e the pressure 
tube B is similarly iiioistiuied, tlni inlluemM^ of water vapour upon the gas 
moasnronients is idiminaled; in fact, tin* various pressures iiobMl ri'pre- 
sentjlhosc of the dry gas under »‘xaiuination. ^ 

At the top of ihe pressure lube B is a lap wijiek allows of a vaeuum 
iieing puuht in B wliemwer m‘eessary. This lap may lie eonneeted to B 
by means ol stout rubber tul»mg in order to allow a little elasticity vvheii- 
evcii* the m<,;^:eiiry is inadvertently allowed to v['«' too quickly. 

V Sine<; the gfWs is measiire'l at a considerably,rediued pressure, only a 
small volume of IJie sample (sav o or 10 c.e.) is takcui for analysis, and by 
selecting a suitable mark on A this may In* made to lm\(‘ a pressure of 
about 1^) mm. As already explained |]ier«‘ are no corrections tor atmos¬ 
pheric or a([Ueons [)r(‘ssures, but corro'dion must Ik^ made for any varia¬ 
tion of tomperatiwx' during^he analysis. For this njirpose a thermometer 
ie suspended insidi^ the water jacket. **' ' 

IcVidetaile'l analysis the stopeoek at the topof B is I'epeatedly subjociod 
to a vaeuum ; i*f it is properly lubricated there,should4)e no leakage of air 
into B, but the error due to any such slight h*akag<^ or to llie presence of 
occluded gases inside the tube may lie <’orreeT‘d as follows. Before 
fffCiisuring the sanifile of gas th(‘ zero reading is’takmi by lowei'ing D after 
closing tlie sto[>cocks at the top of A and B. If all is in or<ler tin; level of 
mercury in B sliould bo just on the zero lin^ wlien that in A is brought 
to the lowest constant volume mark. This zero rea<ling is taken at suit- 
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able intervals during,' tlie analysis (wliile th(‘ gas sample is in E or F), and 
any leakage into B»or evojytion of oecluded gases wilj be (ft-iioted t)f tin; 
mercury level in ^ falling^below zero. For the pui^se of in(‘asineiy[ent 
it isconveiiiont lhat li should be graduated for a few mrti. below tlto zero 
mark. The presftiiDj thus observed should bo add(^^ to all subs(‘(|uent 
incasuremonts gas pivssiin; until the vaenuni in li o;in b(! restored. 
The whole apparatwis liftving l'»een’fi!l(Ml with iiiercury and tln5 gas sanijde 
measured in A l)y noting the ]iressure in B, an absor[)tion is earri(‘d out 
as follows. A few e.e. f)f frtsh reageni are taken in a small pij)etto the de¬ 
livery oi¥l of whifdi is b(“nt in a semi-eircli* so that the reagent can 
be easily blown^nto the laboratory ve>sel when tin; pii^tto is dipped into 
the mercury trough. .\uybul)l>le of air inirodured into V during this 
O[)eration is removed by eatitiously op('ning tlie'tap foimceting with tlje 
sueti<ni vessel. The gas samph^ is then fransfern*! to F by rai'^ing D ami 
op(‘ning the ne.eessary la])s. If a little riien.-ury is allowed to follow tli<‘ 
gas into l\ all gas is e^pidhsl Ij’om tlie connecting tubes. Tin; tajjs lyu'iig 
elos(‘d, I'Ms gently shak<Mi until tlio abM»r[>lion is <-onsiije;j'(‘<l t<t lie com¬ 
plete. Any iiiinuti'. gas bulihles on tin; surface' of the mercury under the 
reagimt are i'(‘movcd ))y lajuiing F, and IIk'h the gas sampl*^ is ridurned 
to A by opening ih<5 neccNsary tajis and cautiously lowering D utltil tin* 
reageni in F just ris(;s to the' tap. No a.ppret-iable ipiantitvof any reagent 
mint be allowed io pass th<' tap on F exeejtt through the limb connecting 
with the suction vc'-sel. 'I'he wliol(> of the reagent is nuuoved through 
lli(‘ latter limb, ami alt»‘r wa'-hing F with .-jper c«'nf. siilpliuricacid a little 
eJean ifiercury is alio\V('d to follow the gas info A. (The surface of the 
mercury in the trough is ke^t el(‘an and dry by means ot « little blottiijg 
j>aper.) The taps are idosed and the gas rom^i.Mii-cd—the diminution in 
pnwsure, afler coriv'ction if iiocessary l<»r icmpcratiiiv and z(‘ro, gives th(‘ 
volume of gas ahsoibcd. * 

An important feature of tlii> apparatus is that fre>h reagmit is taken 
for each absorption, ttgiis ensuring t'flicicncv and rai)iditv of absorption. 
The great advantage* of, using a. small volume of ren^ent when a high 
degree of accuracy is desired arises from tlui smaller (‘n-or duo to *>oliihil- 
ity of other gas('s, Wlnui a, small samj)le of gas is shakem willi a ndatively 
large? volume of reagent ^iii appiVMuablc error may be iuij'odueed by 
the slight solution of ga,^es olh(‘r than the gas which it eh'sired tool)* 
sorb; fiirtlioriiioro, if tlie reagent has Ikmui pr(!\joiisly exfuisod to tlui at- 
imisplnu’c or to another gas sample it will contain semu^ of these gases in 
solution and may give tlieni up to Ih(‘saiiiphe This ol course (h'pends 
ii|)oii the partial pressunud tlu'various coustitiicnts. I)ut tin* (U-ror is ro- 
dueed 111 mo^t^caseslo negligible pr(>|K)rti(*ns,\vh(‘n a h*tle fresh reagent 
is talieii lor each ahsorplion. 

The following examjile of tlie nu'thod of recording tlie results*an 
analysis will illustftite the application of the corrections ami the calcula¬ 
tion <»f results. The sample was known to lie a. mixture of iiydrogon, 
methane and nitrogen possihly containing small (piantitios of oxygi'n and 
oxiilos of carbon. * -i 

All the readings were corrected to thi' original temporaturo of Ifi" C. and " 
it was found necessary to e#ld a zm'o correction of (IT to the last three 
readings. 
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Ib-adiiig. 

'I'empera- 

ture. 
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Oorrectftd Reading. 

Gas sample . 

After absorption bypojras- 

i;u*o 

15-0 

isU 

O'O 

‘ 131-0 

« 

siuin pyrogallate . 

180-9 

‘ 0-0 

* # 130-9 




(CO,+ 02=0-1) 

Alter absorption by cupr¬ 




„ 

ous chloride 

180-.5 

15-2 

0*0 

130-4 





(CO=0'5 or 0-4 per cent.) 

After addition of olygen , 

513‘0 

15-.3 

OT 

. 512-() 

After explosion 

294-0 

irr;-i 

0-1 

29Jf-8 





(Contraction = 218*8) 

After absorption hycitustic 





potasb ..." 

22S-9 

15-4 

0-1 

228-7 


# 



(Absorpti oo = 65*1) 


CHi : A ^ Tm-J or 49 7 per coni. 

^ (218 8 - 2 X CuVl) - 59*1 or 4r>'l por rout. 

Snmni<trii. . 

Oxygen ) , 

Carboi? dioxide (. ' 

Carbon monoxide.0-4 ,, 


Hydrogen.45-1 

Methane.4'.b7 


Nitrogen/by diffe’enre) .<.4-7 ,, 

Forms of Apparatus Pii which i^easuremen^s are made at Constant 
Pressure.#— D i 11 in a r ’ di'^ieiuMl an appnratiifi ^^ith a wator-iackoted 
burette, (letacluMl absorjilion pipott('>, and a separate explosion vessel. 

Maefarlani* and (Wildwell- iiitrodiicial an ap})anit.us mncli on 
the ^.inic'prinriple but with pipetti's which <*onld*])e oonneeled with tlio 
burette. ' ' 

SoMeaiC’ intriMliiced an iinproNcd binn of Maefarlane and 
# 0 a 1 d wo 11’s apparatus whicii is sliown in lij^ 102. ’I'lns apparatus^em¬ 
bodies tlie **' Kew principle ” eorreefinj,^ tube which is explained in detail 
*on p. 529. ’I'liis correctin't tnlx; C together with the measuring tube M 
an<l the levelling tul)e L are titteil into a glass water jacket, whieh is lield 
in position by nutans a cork at A and a band clipat B. The measuring 
tube M is of 50 e.c. capacity graduated in c.c. Its ujuxu’ end tormin- 
ates in a caiiillar^ eonniM-lcd to one limb of a three-way stop-eoek N placed 
horizontally; the other liinbof this stop-cock eomin'niicatrs with thu bent 
tube y partly filled witii water, and by turning the tap either of those 
limbWiay be put in communication with the cayhllary K, to which ab¬ 
sorption vessels may lx* connected bemeansof rubberfuldngat G. When 
examining sampb*s which leavi^ a largo residue a^tcr absoi*i)tion, it is con- 
^;^jent to replace thcAube M bv om* hav)ng«,a bull) at its upper end. 

' <^)ian(itulivf f’kt'iniinf ArialyiiH, 1887, pp. 201, d mj. 

Wed of Sciitlaml Iron and Steel liid'Upte, 1892, Vol. 1, No. 2. 

3./. S, (J. A, 1903, 22, 187. 
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The zero ix)int of M is at the outer side of the hioi)-co(*k N so as lo secure 
complete exclusion (ff all r'lifjents from M. Tim levpllin^'tube L has a 
sfop-cock communicating' willi the atmosphere at tfic lop, and near fhc 
bottom it tlmimunicates with M by a tube so bent that if*any air bif))bles 
rise from tlie low<tr p|,rt of L they are prev<!nted from l^isin^' into M. The 
lower end of L^s connected, outside ilte water jacik^et, to a T-piece, one 
branch of wliich Ifas srop-co<-k*1tnd leads to the niereury reservoir, 
while tlio other is prolonged across thojablo to a pint near tlie reading 



teles(*o[K‘, vvluo’e it terminates in a thick pieci' of india-rubber tubing 
comf)ress(5d by a screw clip having a broad beai’ing surface. This Rvsed 
as a fine adjustmoift when levelling the niei'cury. The graduations on 
M are on the side next the telcscop, and the stop-coeks are worked from 
the oppsite siile in ord«^' to securer compactness in the design of the an- 
pratufl. The graduations are illuminated by an electric lamp behiim^rf' 
ground glass scre(‘n (not sluuvn in fig.) which is placed oppsite the tele¬ 
scope. • 

The reagents are contained in* detachable absorption pipttes each 

• • 
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mounted on a wooden stand. The lower bulb E is of about. 80 c.c. 
capf«(dty nn(f is iuyliiuid so that tlie unabsoiriod may readily bo re¬ 
turned to M withouV. tilting' the whol»‘ a])pandns. The roajjent. is con¬ 
tained in E ov(‘i* mercury, and th(^ upixu* bulb 1) tak<‘s the m'ereury dis¬ 
placed wlnm ^as [it passc'd into E. 'i’he vertical piyettf^ F contains clean 
luorcury, and by mpans of tho lhr(‘e-wav stop-c(M-k H, (‘jther E or F may 
bo conneeted witii the cai)illary K. * ibdenmce'inuH'u b(^ nuu.le to the 
orij,nnaI paper for details of the e\j>losion japetto and the special pipette 
eontainin^^ pliosphorns for the alworpliop of ^Ay^cn. Both enibo(!y the 
mercury pipette F and the three-way stop-cock TI. * 

A feature of kiis apparatus is the* relativijly small aivomij. of mereury 
re(juired. An a,bsorptFai analysis is earried out as follows; Water is 
aspirated out of U.,to displaco air from the capillary tube in coiineetion 
with it, ainl air is expelled from M, tin* capillary K beinjj fill(^d with 
Tueivury. I'hc v(‘ssel <'ontainin:r the ^as samph*, is connectod to (} and a 
sai>:plc. drawn over into M. The cock M i-< chveii and the volume of 
read off after adju^tin;; the nu'rcurv level in 1, (this vessel Ix'iui^ open to 
the atmp'-iphere''. At the same lime the readiinrou the correction tnl )0 is 
taken; this as evplaiiicd already, <'ives a percenta^'o corrociion for teni- 
IwatuVe and ba/.-ometric pre>sure. It is cojivenient to enter tin* readings 
thus:— 

^.eailnig. ('orn'ctioii. Corrwtcil Hi-;uiiiig. 

■kHJ7 c.c. -H O-Oi per cent. c.c. 

'I’lie alisorption pip«'tte is placed in ix‘)siti(m and a little wafer'is aspir¬ 
ated from U kito F ; niercury'is allowed to run hack from V to F to fill 
th(^ capillaries. 'I'lie pas>cd iVoin to bulb E. follow(!d by just 

suflicienipnercury t<» clear tin* capillary, a,ud tfie pip(‘lte is shaken with 
the stop-cock closed until absorption is complete. A few more drops of 
mereury are pa'S(*d from M to E to e\pel all reagent from the capillary 
betw*(‘en JI and E. Before returning the gas to jyi for re-measurement, 
the soiled men-U'y in the cajallarv is retiirncd,to'U, and wlien tlu^ gas 
rcaclum the stop-cock N tlic, lalter is turned to deliver the gas into M. 
The reagent is stopi)ed wiien it reaches tlie stop-co<-k II, an<l the (aipillary 
is cleared -f gas f>v nu'ans of cl(‘an nu'rcury'innu F, tins being slf>pp(‘d 
^as soon as it reaches X. 

While disconnecting the absorption pipett(! at G it is advisahhi to place 
K in communication with 1-. Any drops ot mm’eurv I'scaping when tlio 
rubber tube is rcinovt'd may lx* caught in a jxircelain bashu 

Tn case of accident the mi*asuring tnlx! may Ix^ washed out during the 
analysis while tl'.<! gas is m.one of \\u\ pipettes. •. „ 

If, as in the detorinination of carbon monoxide, il is necessary to snb- 
j(*ct*tbe gas t(,) nmre than one treatment with an absorbent, the first 
pil)ett<i is disconnected at (} and connected direct to tne second piiiotte in 
order to avoid nnn<‘<-essary fouling of tlie capillary K. 

hialdane’s Apparatus. This apjainitus' is widely uscxl tor the 
examination of mine air, an<l the in<‘asnring bundte is so arrang(‘d that 
femall quantities of carbon dioxide, carbon monoxidt*, hydrogen and 
methane can Ui determiiUHl with a high d(»<grce of aeeurin^y. Fig 1015 
shows the laboratory form of apparatus, whicli is briefly doscril)cd below. 
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A KligliMy modifkid jiortahle apparalns is also in general iiso and is (!<> 

Hciibcd in Haldanes 0 //|»rf/(/v/v jblK tt 4 h «■?♦! 1 1 1.1 1 

.■onsul,n.l l,y tin.,;ospooi^vl;, in,o,vs;:.:n;; :;;is s 



Dioaampio of air is colIcckHl in a ‘2 o/. sloiipnivd hoftl (3 vvhioli will 
conlam enoi.gl, for tlirnn analysns. Thn st„,,p,.r is g,vase,I with vaseline 
and during ti'anspoid lield m position by an elastic band. Having ri^ard 
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to the degree of accuracy required in the determination of COj, particular 
attdntion should be paid to the cleansing and cirying of the sample bottle. 
When collecting the sample a piece ol rnbbtir tubing is introduced into 
the bottle and air is aspirated through the tube so that the bottle is com¬ 
pletely washed out; by the mine, air, care being taknn tnat the sample is 
not contaminated by the near presenee of persons or lamps. To intro¬ 
duce the sample to the apparatus, thd bottle is invoi't.al in the mercury 
trough and the stopper removed.under the surface of the mercury by 
means of a pair of l■ruclhle, tongs. Then the'sampte may be drawn into 
the burette through the curved tubevC’.. The measuring burelto A is 800 
mm. long and t'lie upuer uidc pirtion h.as a capacitji of l-b c.c. The 
lower narrow portion is tvo luiii. in boro and is graduated toO 01 c.c. from 
T.lto 21 c.c., sothatit is possible to read the gas volume byeye estimation 
to O'OOl c e. or with ail accuracy of 0’005 iier cent. Tlic burette is sur¬ 
rounded liy a waler-j.acket, tic water in wliicli is freqneiilly stirred liy 
bliy.viiig air llirougli a lube passing to the liotloiur The three-way tap at 
the top of A giies eomioetion with tlie iiilie C and witli either ot tlie 
absorption pipettes E and E or tlie eomlaistion pipette Tlie pipette 
E eontainsoa caiistie potash solution for the alisorpiioii ot (10., and E' 
contains alkaiir.o pyrogallatc for the alisorptioii of oxygen, the small 
pipettes ti and II contain caustic potash solulioii in order to protect Ihc 
pyrogallatc.trom the atmosphere. 'I’lin pressure, in the measuring Inirette 
is adjusted hy using the pipette E as a pressure gauge, and liringiiig tlie 
jiotash to the mark M l,*e(nre reading the burette, this gives a greater 
degree ef accuracy ov iiig t.i the lower s[>ci-ilic gravity of t he potash solution 
compared wifli that of mercury. 

The oiicralioii ot the cmiipeiisaiiiig or control^liibc N lias hccii explained 
on p. 52". l!y means of this device the rc.adings of the, hnreltc are in¬ 
dependent of changes of leinperatnre and haromctric pressure during the 
analysis. The combustion jajieife T’ contains a spiral of line platinum 
wi|Ci wli'ch can be raised to a while licat by tin Jiassagc of an electric 
curront ; liy lliis'incans any lombiislililc gas pr<s 0 i'it in llic sample under 
cxam.iialion may he l•omplclely hnnit. The ciiiTeiit l■e(|uil■cd may be 
otitaiiicd from a 4-voll aceuiniilatur and is led to IliC spiral through the 
tvve glass uulics shewn, which arc open alwve hut scaleci tielow aiicl filled 
'■ with mercury" Through the closed end two pieces of stout [ilatinum wire 
pass. The ends of the sjiiral are thrust iido the ojicn ends of the glass 
Uihes under the moreiiry surfaces) in sneli a manner that the spiral can 
easily be re.jilaeod slionid it be, accidentally fused. 

Tills method of delerminiiig small qnaiilities of coinhiistible gases 
presents the ehnsiderahiu advanlage that, whore the,volume of com¬ 
bustible gas Jircsent is iiisuilieient to form’ a satisfactory explosive mixture, 
it il not necessary to add iivdrogen or electrolytic gas as is the case wlieu 
tlie forma of apimralus previously described arc used'. 

,\t till! cominenceinent of an analysis it is necessary to have the cajiii- 
.^'■y connecting tubes tilled witli nitrogen, and for this purpose the nitrogei; 
left at tlic end of a previous aiiiilysis may be employed 'I'lio pyrogallatc, 
mercury, and polash solulioii are suceessively brought to the marks D, V 
K, and M. The laji connecti'd with the codtrol tube is then closed to tin 
atmosphere. The excess of nitrogi.n, [iresent in A is eomplolcly expolley 
lirongh C, ami the sample under investigation may tlion be measured ot 
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in A. Tho carlion^diuxifkj is absorlKid firsi, and as the cannot 

1)0 allovv<.Ml to pass boyorn' tho tap on Hie liiirottn is necessary to draw 
the sample baek\fan]s aim forwanU two or tlirei^ timei^lo clear ii^y OO.j 
from the *conneejinjj- tiils^. 

If the sample is^nowii to (■(mtaiii only traciN ef (^ombiistibio constitu¬ 
ents the combifrtion is^earried oip^in tlie pipetti' T without any (blution of 
the sample. The coiitraclion on coinbu>lioii iioled, and flie carlion 
dioxjde formed is absorbed. The residual o^yeen is absorbed in the 
pyro;!^ni.llate pipctto h\ If il rei^uired to know acenvatoly tlie o\y;ien 
content‘of flic sample, a separafti analy.ds. in which^«tiie combustion is 
omitted, must Ite performed, and tins enabliv^ tiy# ox^vf^on consumed in tlie 
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combustion lo Ite caiciilati'd by ditleivnce. 'ria* percenhiecs of mothano, 
liyd^o'^en, aiW carbon moiioxhle are then cai>*ula(ed a^^oxplained earlier 
in this section. In many samjilcs of mine air, nudhane is the on^’ com- 
bnstil>le present ; wlmn 11ns is Ihe ca.se tlio analysis ,is coiisideraldy 
simplified, as ihe oxvj^om U'>.(>d up in tlie combustion of the methane may 
be ealeulateil and added to Hie rcNiilual oxygen found by absorption. 

If Hie saHi[)h‘ lias takmi from any ihimHoii in which 

mctlmneor other eombnslihle \\a> jm'sent il must be diluted with air be¬ 
fore combustion. In sudi a cas(‘ tli(‘ mlrotii'ii presmd from the last 
analysis should be passed iiPto tlie^explosion pipette. A sample of gas is 
, taken for a i:yeliminary ostimatioii of COj and so that the amount of 
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nietl|^jnu' may \fo. aj)iMV)ximatcly cstimatiid. (Quantities of air and 

^as arc Hum (■hoseu 'Nvhieii will j;iv(‘ not niore^Hian (‘/{ku' eent. nudliano 
in thov luixtun;. (At least 15 e.c. of one uonsiituent '.nust be taken in 
order to secure acaurale ineasurenicnt.) Hefoi-e the air aitd gas are 
measured, the residual gas from the preiimiinry aiv^lysis is swept from 
tlie ai)i>aratus by in'.aus of air, aftc'r whi,'‘li tlie eonntrjfing tulK^s are 
cleared ot air by means of tlie nitrogen previously stored in the eombus- 
tion piiMdte. Tiie nee<*ssiirv quadt.'tv of air is drawn into tlus burette, de¬ 
prived of (JO.j and measured; this isstoied in the ixdash pipette whilst 
the gas is ilrawn hdo the buridti^ and* approximately measunid.' (Itefore 
this is done air must lie exjM'Iled from the tube 0 bv invans of mercury 
from A.) Tlie air is returned to the burette and tln! mixture measured ; 
the u<'Cin'ate voli’me of gas taken is obtained by diflenmee. The analysis 
and calculation of results then presents no peculiar dilficulty. 

Although particularly <l('signed for tlie (ixamination of mine air, a little 
eonsuleration will simw tliat tliis apparatus has a vmy general ajiplieation 
in cases where it is required to determine witli an accuracy of 0‘CH)5 per 
cent, to0 01 percent, a particular gaseous constifutimt which is grimtly 
diluto(’ by air or some other gas. 

Fig. 104 shows a simplified form of the apparatus which is intended for 
the detcmiination of small quantities ot carbon dioxide; only. The com- 
Imstion and pyrogatlate pipettes an; eliminated, and the manipulation of 
the measuring huvi'tfe, potash jiiiielte and compensating tul)e is sulislan- 
tiaily as dehcribi'd ai) 0 ve. 

SIMPLER METHODS OF GAS ANALYSIS, 

Tlie forms of apparaliH jirevioiislv described an; adapted to secure the 
highest degree of accurai-y without sinu-ial regard to the time involved in 
canying out tlie analysis. For tiie purfioscs of controlling industrial 
opiirations many less (‘lahorato forms of apparatus have h(;on devised, in 
whi( h siijjjle analyses can he carried out with gn;at rapidity and in the 
manipulation of dhich no high dcgrc'o of skill is P'qViired. Many of these 
instruments have been arranged to im'ct tlie recjuirerni'nts of particular 
industries and only a lew can he deserilied in these pag(‘s. 

The 0 Fi^at- 1 j u nge apparatus is p^.;rhaj)s’tlie, most generallv used in 
tecliiiical pra<‘tice. It consists (see fig. 105) of a water-jacketed burette of 
100 c.c. capacity attaclied, as shown, to four pip(;tte^, .liree of which con¬ 
tain absorbents tor carbon dioxide, oxygen, and carbon monoxide resiKH*- 
tively and which ar<* tilled w’itli glass tubes or rods to present a greater 
surface of reagcuit to tin; gas; the fourth pipette containK water only and 
is used in eonjimclion wit.i a tuhi; containing ashi.stos impvegnated with 
palladhiin ami incited by means of a small spirit lamp. The luirette and 
the reservoir 1 1 wliich it is attached contain aciilulated water eolounnl 
with methyl orange so that indication is at once given of any accidental 
fouling with reagents. The sainjile of gas is drawn into the apparatus 
,*!:rmgh the filter shown on the outside of the apparatus (this may he dis¬ 
connected when working witli gases free from dust), amt through ttn= 
three-way stop-cock. If tiic gas to he samphxl is at less than atmosplieri( 
pressure the sampling tubes and filter are livled witli a true sample of gas' 
by tlie operation of the rubber aspinftor shown, t)efore the stop-cock if 
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put. in connoction with the iiieasiiring biu’ette. The first s?imple of gas 
drawn into tin; bnl-ette is •liKcar<l<*d, being employed to drit'ci ail aii^from 
the capillary coniccting ®ul)Os. The reagent in (‘a*cli [uix'tte is adjusted 
to a datum line just IjcIovv IIi«^ rubber cjjnnection and 1ind(‘r no (uivnm- 
stan(;es must aiA- r(*'igent b<‘ drawn nbov(^ the tap. The nudbod of carry¬ 
ing out the ?i48ort)ti(Hi is b^ obvious to net'd aiP' fiirilicr description. 
Tlic temperatm'c toinfltions for fl?e fractional comlmstion of hydrogiMi in 
the pailadium tube liavc already bc(;n .-:,at(‘d. .Two-thirds of tlieI'ontrac- 
tiorfon conibustionrcjiresfnts^iic hyiTrogcn p(Uvontagc. 

Sod*oau‘ introiluced anotlu**’•modification of Oj sal’s apparatus 
showm in fig. JOtf wbich wag especially intended b^r the f-xamination of pro¬ 
ducts of combustion. 1 le found that the ahsorpt^on of carlKin monoxide in 
the original Orsat pipetti; was not 
conipb^tely satisfactory and that the 
capillary comlmstion tube contain¬ 
ing pa[la<liunii/cd ;Nln‘stus w'bicli 
fj n n ge introduced w;i„s unsuitabNi 
for use ill stokeliold.^. The e^M'utial 
moditication iiitnMliiced bv Sodisa u 
w'as the introduction ef a combustion 
pipette v( ry similar in principb* to 
tliat used by If a 1 d a n <'■. Itoth tliesi' 

)>ij)cttes are adaptations of the “Gri- 
soumeter” introduced by Coqiiil- 
lion*fi>r tiic ilidermination of 
motliano in mine air: this apparatus 
is ligurod in L u n gc ’ s^yv/ia/ca/ tVas- 
1014, [). 2<)7. I'ho comlms¬ 
tion pipott<‘ C, may be mad(! frdm 
the commercial form of VV'inkier 
pipette by simply cutting otf the U 
tulM‘ and sealing on straight pic(*c 
of «'a])illary tube of suitable lengtli. 

An ordinary Jlempe) pijMdte for 
solid absorbents may be tillered in a 
bottom laniig clos«‘d by ji, two-bolo rnbbcu'sloppci’, lliroiigli which jiasse^ 
a pair of unlacquorcil brass clecirodcs bridged across by a jilatinum 
spiral, made by coiling about 4 cm. of plaliiiiim wire of about 0'3,mm. 
diameter around a neeille mm. thick. When tlu! <;ombustion pipette 
is eraployod with mixtures rich in comlmstibk' gasi's, Ihe coi! must be 
near the top^>f tin' hwlb in onh'rthat s(‘riuus *(\pIosioiis*may be avoided, 
but *for the analysis of any (ti’dinary chimney gases the coil may be 
placed much lower in order to hmIucc the licating of the cl?iss. lli? gas 
may then be rctiiitn*<l as soon as tlie currmit is cut oH, without waiting 
for the glass to eiMil. 

A fixed hulh,® as in*tjn' Ilcmpt/I (or 0 rsat) pqx'tte, may be^ni- 
ployod to receive the displaced water, unless it is desired to carry out llie^ 

* rVf/’w. Ni'ii'i, lf)04, 89, 01. 

'“^Tlie erdiiiaiy H e n> j) <• 1 pipitto i.s sojiiollnios supplied with .a bulb too sitiall to coin 
^taiu the water jlKspIaml by the lieated gas^ 
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similar maimer, tlic^n'ck at the 
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rapid deterqiination of earhon mouoxi<io and hydrogen together, as de- 
serihAl below,^ whei\, tlu' Imlb 0 should bo eoniieeted by ni(3ans of india- 
iTiblier tubing to the Wservoir CU, consisting o*- a sma,ll aspirator botth* 
siiuilni to that (*olinocb‘d to the niOii>uriiig tube. Wliou in use,dh(‘ spiral 
is rai'^cil to a white heat liy means of an accumulatoc, the curr<uit being 
suitaltiy adjusted. Jy ol•dor to eliminate jtara’lax tlu! iiuvisiiring tubo is 
read bv means of a h*ns sliding on a giass rod. iJcdoi'o oacli r(‘ading is 
taken tlie water in the nieasnringi tube is allowed to drain for one minute. 



Vui. inn. 


The pipettes K And V ari'iof the oi'dinary Orsai pathp’ij and contain 
absorbents for cart'on dioxiih; and oxygen I'espectivcly. 

Tfte U tube filled with glas-- wool ordinarily supplied with the Orsat 
apparatus being somewhat apt to olog if d(mse black Mnoke is present, it 
is conveniently replaced l>y a simple T piece having a small plug of glass 
wocj, in the limb throngh uliich tin* sample fibers the apparatus. In 
-TTii; way, only the actual samiilen are liltereil, and the aoliii parlicloB in 
the main stream pass ihreet In the aspirator. 

The samph; is ineasnrerl in the usual n»iinu'r, exeepi that it is con¬ 
venient to close S instead of phrehing tlij india-ruhlie.r lube when adjusting^ 
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the water to the zero mark prior To bringing the gas to atmospheric 
pressure. *1 • » * ^ 

Carbon dioxide is dotyiuine<i by s«5nding Ihc* gj^tnifor part of tho*gas 
over into !{; and back again, then leaving ll for one niinuV' to (M)inpI%to Ihe 
absorption and uiicaMiring again as usual; tln^ decr^s(* gi\’os the i)er- 
centagc of carlx^n difixide. The carrent is next switelied on, ami tiic gas 
passed over into tliy (•()r<bustic?n pii:i*dte 0, when* it reftiains tor one minute, 
being then l•(duI■ned to i-hc! measuring tube (aftiU- switching ofT Ihe enrrent) 
and diie contraction noted ^ The cnrl>Ait dioxafe produ(;ed is tJicri deter¬ 
mined b^y a one ininnte abs()rpfion,in tlu‘ iM:)tash pipette K ; the decrease 
gives the percenjlage of carbon monoxide. 

As (sari)on monoxide unfic's with lialf its volume of oxygen to form its 
own volume of carbon dioxide, it follows that to*d(*termiu(i the liydrog^yi 
p<!rcentage half tlie amount of the carbon moni^xidi^ fowml must be do. 
ducted from the, contraction during combustion, and two-thirds of such 
correi-te<l (‘onlractioii uquals the percentage of hydroguui. 

Kor oxami)le, if th<' <toiUraction on cohibustiun amouiiteii to 2-'^ r.v. 
and llui rehiiiting <“arbon dioxid«‘ to lal cc., then tiie ga^ contained I’d 
per cent, of earlton mom)\ide ami * • 

2 / 1 d\ 2 • • 

(23 - j - X 15-1 0 per rent, of hydi’ogen. 

It should be noted that the only al>sorbent employed istme which i^ 
readily obtained and ueetls removing only very infrequently. The deter- 
minatk)ii of carbon dioxide, carijon monoxide, and hydrogen by the above 
metliod can eompleteil in 15 minutes* y»uy t*ice of l^vdrocarl)ons, if 
prc'^enti, will, of course, appear partly as carbon monoxi<le and partly’as 
hydrogen in tlu^ above ethod of anwIvM-. 

It may occasionally t.e desii'a[)lc to kimw the percentage* of oxvgim 
originally iireaent in the gas. This mav be l»nind by linally al)Sorbing 
with phosphorus or |iyrogallate in the pipette T, and adding to the result 
the amount of oxygep*re([Uirod u> hum the <'oml)ustil.)lo gases.* * 

Rapid Joint Deterifiinatlon of Carbon Monoxide and Hydrogen.— 
This may be carried out by omitting the measuri'ment immediat<dy after 
coi^ibustion, and transfer*'ing (tic gas direct from (‘ to K in the following 
manner: After the carbon dioxide has ]>een determine^), open the slon- 
cock altaeheil to 0, a:u.f switcii on tlm current, I'aising the r<‘servoir 
so as to drive the gas into 0. Clos»‘ s w'lum tiu' water lias risen to the 
to[) of the measuring tnlio, ami, about one ininuie switeli (TH the 

current and open the stop-cock of K, raising the n^servoir CU, so as to 
drive tlio gas over into tlio potash, and liiiallv clo>jng tin* stop-eook 
of fT Aftifl''allowing one yiumte lor al>sorption, the stoji-coek S is 
opened, Die residue drawn back into the measuring tula', and tjig stop- 
(M)ck()f K then clt*sed. Two-thirds of tin* contraetion so*pnalm‘ed oipials 
the percentage of ‘‘ combustible gases,” i.e. carbon monoxide and hydrogen, 
in the samphx • * 

When collecting sanf{)les of chimney gas for sul)se({Uont analys#*, t*^ 
sometimes troiddesome process of saturating water wifli tlie gas to be 
sampled during the trial may be avoided by appropriately diluting a 
saintated solutiofi of carbon dioxide. Thus, if tlic gas is (wpected to 
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contain alH)yt 12 per cunt, of cfirl)on (lioxi<l(>, tlio sam[)Io bottles should be 
fillodrAvith H inixiurc of 7 parts tup-\vat<u’ niult 1 pjirt^of water saturated 
with carJjon <lloxidp. t , 

Pufther Jiiodbi<*ations of the original 0?*sat apparatus ar»!fldcscribed 
by L u n g (loc. uit^ CO-SI). „ ‘ 

H e m pe I ’ s Apparatus.— This apparatus i> uxtrenioljf simple in con¬ 
struction and is widely used for aun1yset>‘jn which Anly a moderate degree 
of accuracy is napiirod. Pull dqtails of this and other simple forms of 
gas apparatus will ho found in Horn poj ’s f'lan .l/aih/.shs. A hriof de¬ 
scription »)f Kom(3 of the apparatus foil(»\^s. 

The Qas Burette.- -This consists of two tubes of gUse mounted on 
feet, one tube being graHtiatod to KKt c,.c. in l c.c. (the burette proper), 
and the other plain^(th<‘*prcssuro fulu^). 'I'hey are conm^cti'd at the feet 
by rubber tube, 'much in tiu‘ same way as ljunge’s nitrometer. The 
arrangement is >liown in (ig. lOZ 

Tbe ilinstrafimi shows the taindfi' with iliree-vvity stop-cock at bottom, 
wliich isnecohsary in the ca^o, of gases Siilubli^ in wahu’. If this is not tli(( 
case, a Imndto withoiil "lu-h ^top•<•ovk is Mihstitiited(tig. lOH). 'rheruhhm 
tube should yot ItC! in iinc pii'ce hut of two pieces connected in (lie middle 
by a short liuigtli of gla>s tnlH* to admit of being icaddy disconnected. 

Fig. lOH illustrates not only the orjginal llcmpel burette with pressure 
tuh(‘, but also till' iiK'tliod ol c,oniu!ctioti with the gas piix)tle, aiul the way 
in which the rubber ruln^ is joined by the intervening glass tube. The 
compensating device lor t('mpt‘ra,tur<! and pressiin' due to II e m pe 1 and 
describi'd on p. 520, is incorporated in the later form of hcmi»ol 
burette. • ' 

Hompoi, with gr<*at engomiity, lias devised special pipettes to bo 
used in conneidion with the burette*, which reiaVer the instrument very 
serviceable for gonorai gas analysis. 'T'lie pipette shown in iig. lOH is 
known as tlie simpl<‘ alisorptaai [)ijX3tle, and servers for siilimitting th(3 gas 
originally in the Imrette to tlu^ action of some special absorbent. With a 
series of tlu'ise jiipoTes the gas is submitted to tl^i fiction of special ab- 
rtorbentt', one aftiu' ariotlnu', until the entire composition is ascertained. 
The connections must in all l ascs l)e made of liest stout nibber, and 
bound witluvii'i*. * *’ 

< CollectionanJ Measurement of the(ias overiVater. -Both lubes are 
tilled completidy with water (preferably alreaily saturate<l mechanically 
with the gas), care being taken that all air is driven out of tlu3 rubber 
tube. The clip IS jii(3n closi^d at the top of the hurotti* and the bulk of 
the water poured out of the jji'cssurc; tube, tlu; rnblior tube being 
pinched meainvhih; with til^.* tingin*and thumb to prevent ^ir entering the 
Imrettc. The Inttiu’ is then connected by^a small glass tube with the 
source df the gas to be examined, when, by lowering the pressure tube, 
the gas flows in mid di^places the water from the biii'etto into the pres¬ 
sure tube. The jiressun; is tlimi legulated by raising or lowering either 
of the tubes until the wa1cr is at tlid'same level in‘uoth. when the volume 
gas is read off. It is cotuenient, of course, to take exactly UK) c.c, of 
gas to save cakailalion. 

Collection and Measurement of the (ia$s without Water.— In this 
case the three-way ta[j bur<‘tt<^ (tig. 107)‘is drhsd'thoroughly by first wash- 
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ing with alcohol, then ether, and drawing air thi-oii^i it. The three-way 
tap iB then the uppei tube (ionnocted with th<5 ga^ su'?)p1y, ant^the 

burette filled oithe/ by th| pi’essure of the gas or My lining an aKpinrtor 
l)ottlo attacliod to the three-way cock to draw out the* air and fHl the 
burette witli gas.* T^io air may be expelled from the,aspirator whi<di is 
subseoiientlv fiIU‘d with crn.« so tl»>if tlio the burette may be 



l!'io. 107. Fig. lOH. 


adjusted to that of tlu‘ H.tmos{)her(^ The taps ar<^ then turned off, and 
connection made with tiff} pressure tuMt', ^\d^i<dl is then filled with water, 
and the tap opened so thaf the water may flow into the burette and absorb"** 
the soluble gases present. As the biirettf} holds exactly 100 c.c. between 
tlie tiu’oe-way tap and the 'gpiKu* clip, tlie percentagi* of soluble gas js 
shown ■directly on riie gradhatjon, * 
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The Methodof Absorption.— Ill tile ease of the simple pipette (fij?. 108), 
It is fillei^ with tl'.e absorbing liquid, 
whicii re.yhes into tlio siplion luMul 
<if the capillary tube ; tlui.bulli h, re¬ 
mains nearly empty. In order to 
till the instriifnept^ the liquid is 
perrcd into ami, ^sucked out 

of it liy the <-apillary tube. It is 
couveniept to keep a number of 
yiosb pipettes tilliMl with various al>- 
sorlfouts, well corke^l and labelled. 

Auotiier pipette of siinilar char¬ 
acter is ^hm\n in lig. lO'J, and is 
adapted for solid reagents, such as 
slick jihdsplninis in water. Tln^ 
iudrument Inis an opening at the 
botlom, whiidi <-an b(^ edosed with a 
rubher sloppm*. This pipelto is also 
used for ahsorhing CO.j hy tilling it 
with {lings nt wiregau/.e and caustic 
jiotash solution so a'> In tApoM* a large active surface when the liquid is 
displaced by the gas. 

To make an absorption, the capillary U lube is conmn-led with the 
burette containing the measured gas hy a small capillarv tube K (fig. lOS), 
tlie pinch-cuck of courst! being O])oii, tin-n hy raising tlu* pr(‘>>sure tube, the 



Fig. 110. 


gas is driven over into the cylimincal bulb, where it disjilaces a jiortion 
of the liquid into tin' globular bulk Wlien the vbole of the gas is trans- 
••^fenVal, the pinch-cock is closed, and Ihe ahsorjition promoted by shaking 
the gas with the reagent. When the action is ended, eomnumieation with 
the burette is restored, and the gas sipboiie^l back Iw means of the pres- 
^{ure tube into the burette, to l>e meas^aicd. 
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The Double Absorption Pipette, slmwn in Ug. m), Ih or great utility in 
preserving absorlKuits wliir-^i would he aeted on l>y tlie*nir/>siu'h foi^ iji- 
sfanc(; as alkaline j>yroga.H.‘i,to, eiiprous ohloi idf*, ' Tins liiilh on tin; 
left is filled witli the ahsorhent, the iK^xt is empty, tluj tliird eontains 
\vat(‘r, and tlu^ Mirtl^i is e*m])ty. When tin* gas is pas>e(l in, the int<‘]-- 
ni(‘(liat(» water i\ji>^(‘s on to the last ladh to mak<‘ gjom for the gas, tliu> 
sluitting nO all <'oivtaet»wit]i flie•j>tmos])lier«‘, «>\<-epl the small amount 
in the s(‘eond hull). An arrangauiKUit is also made for the um* of solid 
roagelits, hv substilufing fo-* the bulb oS !he hdt’a eylindri^-a! bulb as in 
lig lO'J. . ^ ^ 

Hydrogen Pjpette, —The hydrogen ga.-' n(M'(ssar\'j’for explosion^ or 
eombustions is produe<‘d fn^m a iiollow rod of ywe li\ed over a glass rod 
passed through the rubiter stopper ilig. Kill). TIas bnlh l)eiiig tilled witlj 
dilute acid, gas is gimerated, ami as it a(MMmHdat(‘^ tli?* a-ud is dn\e\i into 
the next bulb and tin' aetion ceases. 

Explosion Pipette. . Another ar- 
ratigement pro\i<[es lor ('xplosjoiis 
If\’ the inlrodiietiou into a llii<*ker 
bull) of measured \oIuim‘sof 1 lu'gas, 
of air, and "f hyirogen. The bull) 
b(‘ing shut off with the sto|i-<'oek, a, 
spark is |)asscd through wii-es seaN'd 
into the u[)[)er portion of 11m bulb. 

Pipette for Fractional Combus¬ 
tion. —This consists of n, simple pip¬ 
ette to whieh is alta<died a, ea.[)ilhirv 
tube eontaining jialladiumized a.s- 
Imstos for the eomluistioti liv<lro- ' 
gen ami carbon luoinixide in 
manner similar to that descrilx'ii m 
i'onneelion with the Orsal - Lunge 
apparatus. ^ 

Bed son’j? Arrangement of 

Pipettes. -—’riiis is usial in eonnecl lou 

Hillf >J) itt mar’s appniuliis, but * 

may be a<lapted to (it otlnu' types. ^ 

The pipett(^s are shown iii tig. 111. A <-apillarv tnh(‘ willi a three-way stop¬ 
cock A is fusi'd to tlie Hempel pipetti' ilie capillarv is drawn out and 
bent so as to i)ass into the imu’cury trough. The lap A can be placbd in 
conueciioti w'ith C to wimdi is attached a mo\eab!e imu-curv reservoir 1). 
Tn win-king, e.^. transferring gas jo K, the. alMii-benI liH^ E and tlu' capil- 
larv'of tap A. By raising D, ll*e vessel (t ;md cafiiliary B are entirolv lilhal 
with nuu-cur)'. H, of <-ourse, is immei-'-ed in the mereiirs trmigh. JI;iviug 
tilh'd B with mermiry, the ti^st. tube eoiitaiuiug gas to tn' examined is 
brought over Ibe (‘tul of B and some gas drawn into (t by lowering 1). 
The tap is then tm-ned'*to pul tb(‘ tuU‘ in coiima-.tion with E. and the gas 
forced into E, by di'pri'^sing tfu' tube in the trough. By raising aiK\» 
lowering th<‘ tube, the gas can be brought into intimate contact with the 
al)sorbent and absorption llyis jiromotial. 'Po iu-ing all the gas into E, 1) 
is aguin used and* the rortiaining •gas drawn into C by lowering 1); tbeu 
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by tiirainf'.tbii tap, tfio gas from C can be torcerl into E; the tap is then 
tun»'*d so as** to {)\ij tho capillary and E in donncctidn, and the gas flows 
into E with a f'lnnlt portion in capillary B/ifdainod,)>y tho colninn of 
niercfay tilling rtic hont liinh. ' 

The gas may left thus for sonn^ hours; ;u»(l^ to^lransfor it to the 
tube, C and E arc plarod in connciction by suitably turnii'g tho tap; then 
by loweiing J) sonio gas drawn into C aiul tho Kij> tr.rnod so ps to put C 
and the tube in <*onnectiop. By jcand'ully raihing 1) tho mercury is washed 
out of B and soiiio of fh(‘ gas pjtsses inp) tko tube. With B cldtir of 
mercury and tillo<( with gas, the UilKyaml E are placiut in connection and 
tlie gas flows out *f E into the tul»c. When ^the liquid from ,E has risen 
so as to fill tlie vessel up to tin? tap (the capillary of tlic tap being also 
tilled), the tap is tuyiusl'to put C ami B in connection ; then by raising 1) 
all g.^s is washefl out of C and tlie capillary into tho tube used for its 
oolloction and franshuTod to tho measuring tnlfc. 

Bodso n aNo atta^•Iu':^ to jlu* moasiiring aiipai’tdus a vessel containing 
a known voliinni of air at known tempcralure and pressure', as rocom- 
niended by L u"!! g c, so as to dispense with lie* otherwise necessary coi'- 
rcctions. , 

Maliy of the •i.bMirption [lipelles descrilM'd in llu' foregoing pages have 
boon modified so that the gas enters the pipoth' under tlio surface of the 
liquid tuit ij; ilrawn oft fnuii thi^ top in tlie usual way. Dennis* and 
Van Alstino- liav(‘ devisi'd apparatus making us<' of this principle 
in order to secure vi'ry intimale contact l)clwe<ui gas and lifjuid. 

• CAIXIjLATIOP< of calorific value. 

Sim'o the heating ctlcdi. of a coivbustible gn,'.cous mixture is the sum 
of the hoa,diig effects of the coinjKinqnl constituents, tlie calorific value 
may be calculated from tlie volumefrie analysis. Tlie accuracy of the 
computed figure depmids, of course, on the accuracy of the analysis, and 
for ttiis reason it is preferable when dealing with Complex mixtures such 
as coal gas to mak'd a din-ct d<*terniination of cah^’hTc value. The reailer 
must Be referral to text-l»ooks ileaiing nmre sjiecificaliy with tlie coal gas 
•and fiU'l induslrics far descriptions of gas calorimebws ; tho w'hoh^sipject 
is well I r(^arc<i by C o s t e in Tlw ('ulorijk Foire.r of Gx'i. 

* Tlie caloritic value is usually expiv'ssod f<A‘ technical jiurposes in 
B.Th.U. p(‘r cu])ie tVsit of ga<, iiuiasuri^d at a tmniieratunj of F. and a 
preRH<;ro of tlO ins. mercury, and saturated with water vapour under 
those conditions. Sncli values for the commoner coiiiliustihle gases are 
given in Table C, together w'ith tho eorros}x>nding valuers in calories 
(K.C.U.) pm* cuhV' metre (ff dry gas measyred at O'^O. amlCfiO mm.- Hg. 
pressiirp. The values in «-alories (K.O.U.) pergm. mol. (from which the 
other figures ar^ calculated) are giviui in thi5 first cohiriin. 

In calculating the lieat units per unit volume, tlie experimental weight- 
volume relalionshipH for tlic severj^il gases given,-in Table A have boon 
In many text-books the calorific vahicstappear to have been cal¬ 
culated on tho assumption that the moh'cular volumes of all gases are 
equal. When calculating the calorific vah^e of a gasi'oiis mixture it is 

>./. hill. Emi. It, 51. , 
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necessary to aKKumi! (in tlic absence of sufficiently i-iilialile ilata) that the 
molecular volume of a giviti gas umler standard conditionii is tlie ijiinLe 
wliatevor the partitil preKsv.re from which it is deduiniiJ. • 

TABLE C. ^ 


C*poiiiFic Values. 



if.c. u, 

per 

Gill Mol 

K (’.U. 
Metic iit 
' ‘700 III! 

(iross. 

ler Cub 

3" C. litu! 

1 . Dry. 

,v 

Net 

B.Th.U jH'r Cub. Ft. at 

1 60° F. ainl 30 Iih. 

1 Saturated witli watir 

1 vapour. 

Gro.ss. f Net 

Acetylene 

.<110 05 

14003 " 

13.5H4 

3477 

1423 

Benxone 

77G-00 

34007 

33242 

.3035 

348.’ 

Carbon monoxide. 

<>7'0G , 

3035 

3035 

317-9 

317*0 

ethane . * . 

870*41 

10710 

152(K) 

j 7 .ii 

1592 

Ethylene 

88:h:i5 

140‘)7 

r-iooo 

1571 

1400 

Hydrogen 

08*11 

3050 

2551 

319*5 

•207*2 

Methane 

2i.8*60 

0548 

8510 

I COO 

896 

Propane 

520-21 

24257 

22315 

2541 

2336 

Propylene . 

402*74 

22008 

21151 

2378 

2216 


Ill t-iie case of coal gas a iiiiich uiorc serious error is involved in the 
assumption of sumo mean value for llie ealmille |Value of the olefines; 
maiiv <■ 110111181 ^ lake tiie value tor propylene, bid, if in ilio analysis lienzene 
has been absorbed willvihe olefines,^ir if the gas consists partly of car- 
buretted water gas, it will be found that tliis value is loo lovy Cos to 
{loc. cit, p. 84) recommends tlial the value for tlie hydrocarbons absorbed 
by bromine or fuming snlpliiiric acid (including lienzeiie and acetylene) 
should be (i70 K.C.(J. Xliliri!! R.Th. I'.'gross or llDO K.tt.U. (ff38l B.TH.I!,) 
net per cubic font (atti(l*F. and lid ms. saliiratedj. ^ 

Another slight error is involved whim elb.iiie is iiegleidi'd iii*the e\- 
plosii^ii analysis. If a iiiivtiii'c of a per cimt. 11.^, !, per cent. (,'Hj, and cj 
per cent. (I 2 II 11 be exfiloded and, as is a eoniiiioii practice, u affd It are cal¬ 
culated on the assumption that c is zero, Hie tigiire for « w*ll be low to thi* 
extent of c per cent, and the tigiirc for 6 will be high to the extent of 2c per 
cent. ; hence the calculated calorilic Millie will be low to the extent c.4 One 
Il.Th.U. fair cubic foot. 

DETER/VltNATION OF OASES BY TITR/fTION. 

• 

Whenever a large sample of gas is available it is usually pnore 
eonvenie.nt, and often more accurate, to resort to I he gtmeral methods 
of volumetric analysis in eases wliere a siiitalile ahsorlieiit is availahle 
for the gases to lie deta'imiiiied. A iew exaiii)iles of such methods are 
given below by way of illustratioii, and the l■(•ader must he referi-Ad tOn> 
the earlier sections for guidance in tlie choice of absorhciits and standard 
solutions to meet particular roijuiremenis. 

A*very simple* deviee*is one employed liy the Iiisiaictors appointed 






574 , the volumetric analysis or gas. ^ 

' I ‘ ' ' 

under (he.Albili, etc., Works Ri'i;ulalioM Act, 1906, for their routine 
testhis to eofitnirtljc escaiic. of acid and ollud'jiiiscs dcliediiled liy the Act 
asnoxious and offi nsive oases Tlie abso»l)ing Inyiid is placed inside 
a Fli'tclicr’s coliapsible rnl)her l)ellows vvliose exact capacity -aliout 
cub. ft.—sliouid tin i»rio<lically (tetcrminc(t liy (tr.ajvin*' air from a glass 
as|)irator and notin;;'tho volume of water re(|Uircd to jjeplace the with¬ 
drawn air. 'flic alisorbent luiving litcn i'ntroduVcd,'air is expelled from 
the tiellows and the gas.samplcj is ilriuvn in liy expansion of the bellows, 
'file gas amt li'iuid hre lirouglit ifdo contact iliy vigorous shaking, iftid, it 
desired, furtlier sam|)les of gas can bif. treated Iiet'ore I In* liijuid is expelled 
for titration. ■■ i " ' 

'flic stau'lard soliilio'Us employed for titration may be so arranged as 
‘o minimize calciihdions. Wlien determining the escape of acid gases, it 
is coftveuient thUt Hie linrette reading should give direi'lly llie et|uivaleilt 
weietit of Stt, ill grams per cut ic loot of gas when the Iieilows lias been 
tilled live limes with gas. lii otlier cases spei;ia! fionint/ i/'i.s .so/id/'oi.s may 
bn made u|). 'fliese are of siudi slrengtli that I c.c. of solution represents 
1 ec. of the absorbable gas measured at (b (' anil 76d mm. dry. Fbr 
instaiici‘, a I’ormal gas solution tor chlorine would lie made up to coiilain 
4'494 f;m. of As,l),, with a few grams of NallO; imr litre. The corre¬ 
sponding sidiitioii of iodine would contain 11 oil gm. per litre, in order 
tliat 1 c.i’. I,if either solution slionM corrcsponil to 1 c, c. of cliloriiie gas. 
The weights ol dry giisi's in grams per litre given in 'fable A enable the 
strengths of otlier lujrmiil gas solution' to bo readily calcntatcd. 

'the l-'Ictctier’s asiiiralor described above possesses the adviiniages 
of porlabilitv',;uil iliira'liiliiy, b'lil ils application is limiled m so tar as it is 
only possible to lake inturmitlenl gas saiiiiiles,^and it must not tie used 
tor gases or li'|uids which woidd be alfi'cted b\ tlie rubber 

When it is (Icsired to draw a iai'ge sample of gas over a perioil, the 
absorbing li'pii'l should be placed in a s'lries of gas washing or absorption 
botliies. ,'flie losidiial gas may be iiu'iisiired ,',iy passing tliroiigh an 
ordinary gas metir (in whndi case a water-jet |i(iii'.|i must also lie used if 
the gas being saiiijili'd is not at a siitlicii'iitly high pressure to force the 
.sample tliroiigli the absorbing li'|uid and the meti'r)or bvcollecting ail 
aspiralor. •■In either case the jiressure and Ichiperatiire at which file gas 
measured slf.inld be noted. .. 

'fhe .arrangement of the wash bottle, asiiiralor, and measuring cylinder, 
as u»id in till' dcicrmination ol sulphur dioxide, is shown in tig. 119. A 
suitable ipiantity of standard iodine solution with a little freshly-made 
starch solution is placed in the wii'li bottle ami maile up to alioiit 150 c.c. 
with distilled wit.er. Theccaclioii involved is reprii-cnlei|,l|y tlie e'lualion 
I, -I SO., + 2IL() s ll.,S(b + 2111 

and the end-point is deleriiiined liy watching for the disa|ipearanee of the 
blue colour When dealing will; gases coiilainiiig 5 to 10 per cent. SO.* 
10 c c. of ”/io iodine solution slioiilddie taken, 'fhts corresponds to 0'0!120I1 
"gm.'SOj or to 11'20 c.c. SO., measured at 0" O.'and 760 mm. dry. (This 
volume varies slightly according to the, percentage of sulphur dioxide in 
the gas under analysis, as sulpliiir dioxide stjows an ap[ireciable deviation 

from Boy I e’s law at low pressures.) ' '- • 
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Before carrying out a te^t, a blank should bo iKM'l'orincMl Jn order to. 
fill the gas sampling tubi*, a triu^ saniitl(‘; ^ll^o tlHr\v)i?)le appamtus 
sliould bo proved g«i.s-liglit.* The aietliod of a>piratn.%^ tin; sample throCigli 
the wash-lffjttle lieing obvious, it need only bo inenliotieM that tho^rjis in 
the aspirator should Jic at the same pressun* at the bggimiing and end of 
the test. Th('- mbe at which the gas bid)lti('s thrciioli the li'|m<l is con¬ 
trolled ))y'1h(^ rate at \\^H■h wTitet* ?s run from llie aspirator. 



the ])Iue coloration disappears; if necessary, walor is siplioin'd hack into 
Mie aspirator from the*)]i<‘asunng c>1nahn‘ (or vice veisa) to adjust th(5 
pressure of gas in the aspirator; the ind volume of water collected tlien^ 
represents the volume of r<‘sidual gas drawn tlirough the wasli-bottle. 
This volume is eo^rected forttemperature and barometric pr(^ssure, and, if 
, the ritsults a^o required on a dry Ijjisis, for the pressure of atpieous vapour 
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in tlie aspirator. Tiie corroetod volnnio, added to the volume of sulphur 
dio^tide abs«rl»od, ^dvos the volunus of the Vaiuple, from which 

tlu porcenta^^e of su'phur <lioxide is ealenlatei/,. „ 

'rKt‘ use of i«'diue is not permissihlo wlieni it is desinMl tevearry out a 
test over a long |)epml owing to the error involved ^hy*ihe evaporation of 
iodine, he h in a n n employs a wu'ond wasli-bottie. ijontaining 5 c.o. 
of ^'/lo sodium tldosnlphate solution thvougfi which the gas is j)p,sscd after 
passage through tln^ ioijine solution ; the necessary corre(dion for the 
evaluated iodine cHfi tlum he a'pf/lii^d. A mpre convenient method'-, how¬ 
ever, is to use caustic, so<la as an ahso'’|.tent. « 

Wli(‘n carryiiig out these long-period tests a much,larger sample of 
gas shouM he taken ; ti-suitable as])irator can he made from a 10-gallon 
^pheot-iron drum, and a' more regular flow of gas is obtained if the inlet 
tubeflo the asjiirator is carried to the bottom, to secure a constant head 
^f wafer. 

Caustic soda is often used as an absoi-txuit for tlu* determination of 
total acid gases, and by carrying out t\vp titrations it is possible t(» <Us- 
tinguish betweibi sulphur dioxide and >ulpluir trioxide in this way. It bus 
been found,^however, that when the test is run over a long period a serious 
error is introduced owing to tin* oxidation of sodium sulpiiite. Titoff’ 
pointed out that this was duo to the pn^scnce of minute traces of catalysts 
and could he prevente<l by tluj addition of a negative catalyst. Haller® 
has investigated the methods of determination of sul])hur dioxide and 
recommends the use of glvciU’in as a uf'gative catiilyst to previmt the 
oxidation. TIm^ absorption of sulphur dioxbic l>y caustic soda is very 
rapid so that %iiv ^imj^le fftrin v»f wash-botti<i can be empIoyiHl. 

Ammonia is usually, determined by titration after al)sorption in 
standard acid The efliciem-y of this method *rVppli«‘d to tlie analysis of 
coal gas hlis been investigate<i by tl^* U.S, Ihiroau of Standards (To<‘h. 
Paper 34) and tin? iinjxirtance of using proper indicators is emphasized. 
Sodj^um alizarin-sulphonnte, coebinesU and paranitro])henol were found to 
be the mdst suita|,ile. When canyingout a long p"rio<l t(‘st it is prefer¬ 
able tQ absorb the ammonia in a large excess of acid and then to distil 
off the ammonia with caustic soda, as in the analysis of <*rude ammonia- 
' cal li<{Uor.*. ' ''' 

u Determinat’on of the Oxides of Nitrogen.— In th(‘ absence of am¬ 
monia, nitric oxide and nitr(»gen peroxide are determined ])y absorption in 
stanjjard alkali and titration of the (*xcess of alkali with or without the 
addition of hydrogim peroxide. Owing to t\w ditticulty of absorldng nitrii; 
oxide by water or alkali a large excess of oxygen should bo usc<l to ensure 
oxidation to nitregen pero>;jde. 

The gas leaving the catalyst of an aimaonia oxhlation plant contains 
unoxidlzed ammonia mixed with the oxides of nitrogen, and in this case 
the use of an oxidant nee<ls special consideration ashjdrogen peroxide ami 
ozone oxidize ammonia to ammoiiiiim nitrite. Fox® employs the follow¬ 
ing method for th(^ analysis of thki mixture: The gas is mixed with a 
'"meailured volume of oxygen sufficient for the oxidation of nitricoxido and 

»/. Phifs. i.'hm., 1903, 49 , Ml. \r. S. C. /.. 1919, 88 , 62T. 

■i.l. hid. Eikj. C'fiem., 1917, 9 , 737. 
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is then piissed tliroii»h two alisorpti^n vessels. 'rrfe tirst vessel eoiitfiins 
stjuKhii'il nlkali ontr. Hud «.hsofhs sonn^ of the nitrogetuper^xldo together 
with all the a?nn^)iuii,(n!^(‘ss pr(‘S(‘nt to an ahnormij »3xtent). 'I'ho se.<'oml 
V(‘ss(3l eoiVains stan<l:ir<] nlkali and liydroojtn peroxide, eoneerWration 
of whie,h sliouh^ be I per rent.) to eoniplete Ihe absorption of nitrof^on 
peroxid<‘. Tlnj jiinnionia in tins ease is deterniun.^l hy oxidation with 
sodiiitn i>y])o}>r(1nuh‘, «ind b'le nirfroj^en peroxide )?v sepaivato titrations 
of the two al)sorl)in<< solutions 'I'he n'sidual ^ns after al*sorption is 
riK'ftsured in an aspirab^^*, and, in •.•.llenlatitij; i^i volume, allowance 
must b(^ inad(i for fl) tin* volui^ie of owf^eti adih'd; (2t the volume 
of Wider v;ipoi\^- condensed from Tlte mjls in tln^ jirst*ahsorption Ixittle; 
and (d) the snudl Nohinie oxyy(n> <'voIv<Mi froB< the fiy<lr(>"en peroxide ; 
Fox (loe. <-it.) eiv(‘s fill] details of these ealrulations ;ind (lednees a 
simjiie formula for th«‘ ndio of nitrie o\i<le fo^jiintnojiiii (whielurepre¬ 
sents f]H‘ ellieienev of the < at;dvtie oxididiou process). T a V Ulr and 
!)ji.vis^ iiml (JiiilUird- <|i‘^erihe dilTereni methods which nniy otf«n' 
Itossibihtu's for (hufdopmenl of^a ’‘apid mHhod of works control. * 

• Snl|)hiirie iieid iiii eflieieiit ;d*soi heMt ti»r iiiixturcx #f nilrie(>\id(‘ and 

nitm^ren peroxide ;md Ihe solution ninv'he titrated with pol:if,sinni per- 
m:i.iij;?inat(', iinikin;; iisc of Ihe followin'; nxieii.nis : * * 

mXO i tlk'MnOi-i hll.SO, -- UHINO, i :;K.,S<), i;MnS(), + 4ir„t) 

5N,(); + 4KMii(>, I t;H,S(), lOHXO; i- 2k",S(>, + 4MnS(>, il'o , 

IDXO, f 2kMnt), ! bIT.SO. i- 2ll/r toHXU, i- k.SO, f 2MnS(b 

\Vhen*it is iv<|iiired to diHeientiat(‘ l»etA\eeii the o\i<les, it is lUM-essiiry to 

• letenniiu* whetlier I'xeess owoi'ii IS pr<jr'‘tit*:ini4 to deti^rmine tlie total 
nitro<'(Mi in a mtfoim'hn-. 

Nitrous Oxide i-. •>termined Itv eonilnistion with livdro^fen in tin* 
Diadisidimidl phitimmi eiipiilm v^lnxited to hi’i^dd ri'dness.b Poliak^ 
Uses earhon tiioiioxide instead ol hvdro^eii b)r 1 lie eomhiislion and eal^nu 
kites jin* nitrous o\ii|<* from tin* eiiiboii ilnixidi* pr<Mluee<l. Mixiures o[ 
nitrous and mine o\^?!<‘s ma\ lie simil:irl\ det(‘immed if lhe«eoiiti'Jction 
is aseerlamed.* k n o r*r(‘and A mill <lefermun*d ntlri»'i>\ide l)y eom- 
hustion with hydro^o'ii. hut a'^ iimmonia ni.iy he forno'd uinli'f certain 
(an^blioiis tin* ns(‘ of earl*.n monoxide n preferahte. • 

The re;n*tions nuoKed in I‘o tl a k ’ s melhod are ** 

• • • 

2X()-i-2(’() 2('().-i-X, 

(’oniraetion O-.'i Vol, X(). ^ 

X,.(» + CO <‘0.+ x,, * 

(\)ntniet loll Nil. 


^he Dettrfkiinatron of H^rocyanic Aci<f.- 

linations of hv<iroev;inie acid in eo:d j;;is are o 


-Till* mftst aeeunite deter¬ 
minations of hyilroeyiinie acid m eo:il j;.is are obtained by the thiocyanate 
methnd, whieli is^-arried out as follows 'I'lie eas is pi^ssed at aVateof 
iihont 1 enl). ft. ]>er Inmr throu^di a Irain of threi* wash bottles eoiitaininj; 
a solution of ammoiiii^m sulphide ayd free sulphur. After jiassuf^e of a 
snitiihli* \ohmn* of o.as. 4he contents of Ihe three hollies an* wasli^nl out 


'•/ /</-/. <%u ,. lai:,», inn;. - //«./, n, 74 :. 

■‘Kiii.fre .111(1 .\riMl(. Hu , IHaO. 32.-JI'H;. 
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into ono and niado U]i to a known volume. Tlio thioc^yanato is 

detoiMiiimMi l)V silver nitrat(3 titration as in tim analysis of ammoniaeal 
liquor, tlie Ht'N valu^i calculated from tlvn relation 

1 e e. ”/io = f;m. NITRONS = 0-0tt270:i; f^m. ]*J0N. 

The amount of ii\drocyanic acid in gas canalsohe readi'y^^detennined by 
the method iv^eommelided bvNaussdeh wnich the gas is passeij, through 
a train of two wash bottles^ each containing 20 c.c. o5 huToussulphate solu¬ 
tion (1 part salt to lGq>arts of watcil) and 20 c.i,-, of KOH solution (1 part 
KOH to 3 parts of water). Tin'gas is, passed througli at a rate of about 
1 cub. ft. p<‘r lioui\ About 100 litres of gas are passed tjirough in from 
two to three hours and the contonu of the wash bottles washed out and 
n);ido up to olK) <-.c. in a llask. The ferrucyamde in this solution is deter¬ 
mined^,liy titratio-rt uith,copper or zinc sulphati*.^ 

, It iir'.y be remarked that tlie thiocyanate metliod ti'iuls togivi^ n^sults 
slightly above tlie correct \a!ue, owing to tlie tact*tliat the ammoninm 
|K)lysiiiphide alisorb^ at h-ast a part of an^v carhon hisulphide present in 
the gas, aminonitim thioearbunnles hoiiig formed, and these mav undergo,- 
subsequent decomjH>r.ition yielding aminonuim thiocyanati'. The ferro- 
eyanidc metliod, on th<‘ other hami, is liahle to yield lovv results owing to 
small quantitu's of h\<iroe\anie aeid hi'ing <-onv(‘rte<l into tliiocyamde. in¬ 
stead of ferrocyanide, this effect being a<-ccntuafcd when the gas contains 
ammonia. 

The Determination of Carbon Bisulphide in Coal-Gas.- II a r con rt 

determined CS„ m coal-gas bv asjuratmg a known volume of the gAs over 
platinized punvice lu'atfd t(T42(VM’., wherehy the CSj isc^mverted to II^S. 
The H-S was (liUcrnimed coloium'trically by absorjition in a solution of 
lead s\rup. If de*.ired, thi' te>t ina\'be run ovi'fbi, longi'r period and the 
H,8 ahsorli<:d in NaOH solution. 

For most pul•pos(‘^ in gas works [»raetic(‘, it is not n«*<-essary to differi'idi- 
ale bi'lwi'en CS.^ and other sulpliur eoinpounils {excj'jttmg of (bourse ll.jS) 
For doterhiination of Ihc total sulphur the ipi'thod of the (las 
Referees is tln^ lllo^l accurab^; full <letai!s of this will In* tound in tin* 
NotiJii'aUdit of (lie. b'ff,* Ili feirtx umi in many h'xt-hooKs on (jias Works 
chemistry. ^ The gas is burnt in a special In.rner surroimdi'd by'ani- 
iponium carlion^te ; tlie products ar<'condi'iisi'd ainl thesulpimns finally 
precipitated and wi'ighed as IhiSO^. 

S 0 m e r V 1 11 e ‘ devised a metlnsl which rapidly gi\cs results with ap¬ 
proximate accuracy. A known volume of gas is Inirnt and tlie products 
aspirated through iodine solution, SOj, being determincu as described on 
p. 574. , . > 

The Determination of Benzol in Gas.-<i.Tln3 most suitable methoirfor 
the aei'UW'ate determination of Is'iizol, idc.. in coal gas is that devised by 
I)e v i 11 e^ and ‘recently modified by him so as to make it applicable to 
gases containing very small quaiditics of bi'iizol.'' The method consistR 

>./ Oas i.hihfiHU, 1900, 76, 900. 

•* ‘,^K ii n t»l an <• h, ./. (hi^hi-h iK-hlumi, 18S9, 33, iriO ; Sk i r r o w, ./. .S'. / , 1910, 29, 

/ 319 ; Col mail, -I W./s/, 190H, 33, %] ; ihof , TOOK, 33, %t>. 

<!tin l.iifhliiui, 1910, 112, ‘JH, ^ Ji'ifi iiiif </<■-< Vsiiieaii Gffz, 1889. 

^./»nriuih/(n a 1918; (!a.i JiiihhkiI Itho.^na. 272.' 
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in condensing crude benzol from dry gas mid subifiitling the c()ndeiisat(j 
to distillation tests. Wheh the gas contains only a sfnall* proiwi't^m of 
benzene it is drin^l by i)<v^ing over <-a]ciuni cliloriile, and then coohni to 
- 72" C. liy passing through a <*ond(‘ns(‘r iniinersiMl in cafboii <li()xid'b snow 
in a Dewar tlasl?. At tliis temperature the vapour^pressure of Ixnizene 
(and ft/or//eri •ifrother aromatic hy<Ir<K'arbons) is* yractically nil. Thus 
all the vapours ?irft coR(lens(‘<1, anfl the r(‘sidual gas may be ineasurcHl by 
means ot an ordiiiarymieter; tin* weight ot <Tyde benzol per unit volunu^ 
of gfls measure<l at 10"0. ^ud JCO miit.*pressurc isXalculat(‘d all<‘r allow- 
ing for tin* vohitm* of valour c(nid<«is(*d ; this is asMimed to be 1 litre per 
gm. (J>as(‘(4on 3 vols, lK*nzene + 1 voi. tohn'in*). ,The com|>osi1ion of 
(he criuh* benzol e^timamd by any of tln^ welltftnovvn fractional dislilla- 
tion methods. * ^ 

Wh(‘n dealing with a gfiod (piality “stiaight coi^l gas” itlis not 
necossarv to c^miI to such a low lemperatyri* In this case the h«TO)l cryi- 
(lens<*d at a b‘mperaltire of by means of ice and salt is fjeter- 

inined as abri\e, and, to ihi* n^sult nbtauK^ a c(nislanl correction of ‘J3'5 
per cub. metre is added to allow for tin* va|)Our pressure of benzene 

at-‘>ir(’. ‘ ^ • 

H. S. D a V i s and M. !>. Davis’ describe a ditrerentiyl |iressur<»method 
for the i|uantitatlvc <lelermination of \aponrs in gasi's. Tlu^ metho<l 
involvi^s ilu^ us(^ of t\\o tiasks connected to a d(‘li<-att' differential pr(‘ssurc 
gauge. One flask is filli'd at atmosplpene pn'ssun* with gas containing 
the \apour whose amount is to lie determined. Tlie other flask is filled 
at the'sHine ])rc>sure with gas trom wlm h the vapour is absent. The gas 
in each flask is now satiiratc'd with itie \^ipoftr aiul ♦he differential 
pressure devi'iopisl is indicat<*d by the gaiige,and gives directlv tlie par¬ 
tial prossun* of tlu^ va]^'fir <)rigiualiy*in tin* gas. 

Another method of dc'tcrminat'ion. whi'-h is ^^■|d«'lv used liT connection 
with th<^ control ot benziti (*xtraction plants, <-onsists in tin* absorption of 
benzol bymeansof creosote ojmtiicr od ot low\olatilit\ and thesubse^juent 
stt^am distillation of*t1y* oil for tin* isiilationof crudeJ>enzol.* Rliead* 
<les<Tibes a suitable* washing to\\<‘i- for this purpose which y/ontains 
a juimber of tra,ys. Oil cnt(*rs the top tray from a constant-head 
feed, gravitati's from tfti\ to tray through scaled pi[iefi^*and finally 
collects in a rec<uv<‘r ^it tin* hast* of tin* tower. Th# gas, after pars¬ 
ing through a. meter, is passial upwards througli tin* towi'i* an<l is 
causeil to bubble through tin* oil in each tower bv means of lioo^s with 
serrated edges. About four litres of oil are reipiircd to <*xtract the benzol 
and t(*!uol Irom 1(K) cub. ft. of <M>al gas. The use of some apparatus for 
ext^Uction s^ic^i as tju^ abovi*, (‘inbodving tl^* counter*currciit jirinciple, 
ot[<u*s considerable a(lvanfagc#conipared with the use of a s<‘rh*s of wash- 
botth^s, owing to the back pressure caused by tin* oil and to the*mied for 
having fresh oil hfl* removing tlu^ last tra<*esof benzol ifl the latter ease. 
Lessing’* packs a scrubbing tower with ]»iec(‘s of inert material (e.g. 
porous brick) soaked ^in an oil of tuch viscosity tliat it is not unduly 


’./. hii/ Euif rhnu,, 191S. 10, 
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thinned or w.aF'lKHi ou( hy the solvei\t vnpouiis from tlie gfiK. This tower 
f(V!^ta.’.H'(‘ to th»‘ flow of g:is, mul Uh> anvm'jonuMit ndinits of 
tile .benzol juhI otlu’r, VHftoroiis constiliiiMiis beino recovered by steam 
distillation from^ tIk* tower itself without removal of the ^ibsorbent. 
(Irav' describes an arran^ennoit in which th(' jias to Vo washed iiusses 
through a mass of coni,iensin? vapour. ' , ^ 

Lebean and D'a in ions-and r 11, S v.e bgiiS and Robe r t- 
son-' er.iplov imdhod^ <l(‘p<'nding upon lln‘ fractional distillation of 
liipicfied coal gas to^ lln^ e\am)niiiion of \a^)orous constitueuts. S=ueh 
metlKHl" ar(‘ }iariicularly applicabh' fi^r I lie determination of soup‘of the 
ciunpounds presold in c(Kibgas to a sniall (wtiait .('.g. IJ;iiophen) which 
may be condeuM'd and «wbse<|iu'ntlv held in s(.lnlion by the lien/.ol or bv 
SOUK' Ollier addi‘d solv(‘id.^ 

i' tip i f f e r «l 4 'tcVmin(N bi'u/eiK' by tnailing a know ii volume of tiu' gas 
coiilaf cj in a separating fuiinel with sulpliuri<- and nitric acids The 
resulting dinili-oboizeiie i-. titrafe<l with stamioiis c.’doride.'- 

iWtermination of Naphthalene in Coal=(ias. A nu t hod was pro- 
poM‘<l by Le a t lae r' f')|- the <!eiei miiiatifin of naplillialiMic in ('oal-gas in 
wliieli large \nliinics of the ga's (I'Ol) to NOt) rub. ft.) are passed slowly 
through piirf* b<‘i)/eiii‘, flic latter ix'iiii; llicn carcfull) c\aj)oratc(|. In 
a<l<Iition to napliltiaiciir -toiucia'. xslriic', dc.. an' extracted from thegas 
ill the pr(M-e>'-. and, altliongh Ncjwu-ation <if thi' naplilliaiene from ilie-e 
bodies ran Ife (*fTcrt(s| bv caret’ll,I fractional <lisiillation, tin* pnx-C'.s is 
ciimbm-vorm' and l■c<|llires \crv con-'id('rab!c time. 'I’lie amount of 
napiitlialenc in cnal-ga- i' imw delciniiiuMl by tlu' method inlnKh^'od by 
<d)lnian an<||. S in i t h' '^liiri di'pcicK on the fact Unit naplitbah'iic 
i-iimbines with picnr aeid^to form a fairlv stable ervstailine compouiiil 
( . t’,,H ;X;< b. ihiv being scarcely ■'olnblc in a'|Vi(‘oiis pici-ic acid, d’hi' 

prccipilatc'^o binned doe^- not, however, coiisid of pure naplillifilene 
pierate but is a mixtun' ul the latter with varying quaiitifies of fna* 
naplitbalcne. 'I'lie dillieult\ -^o intiodiiced into rb<' <let('nnmation was 
ovi'iTomc h\ (!ol in a ii and S m 1 1 li bv trealing'ijie pn'cipilab' in the 
manner <liie to Kusier'' and ii-ved liv Idin for the <letermiiiajion of 
naphtliah'iie when mixed willi other solid li\drocarlions wbicli do,not 
Yorm stalile conijHniinU with piri n- a<'id. Col •ni a n .md S m i 1. h ^i*mv(^ 
i^iglitly modifii'jl their original meliiod. riic gas is passed Ihrongli a. 
scrii's of four wa^li bottles, tin* (ir"! of glass t(irougliout—containing u 
10 |icr cent, stilutieii uf rilric acid to retain anv ammonia, in the gas. 
Thes?’cond riinfauis 100 r.e. of picrie acid, and the tliird oO c.c. of the 
same solution, the la'-t being empts to ix'lain spra\. It is important that 
prior to an<l diinpg it- passigi* tliroiigli the tiain <if wash bottle^, tli^ gas 
slioiibl not lia\(5 acce'^s to india-rublK*rv, It lias licmi' shown tluU a 
lengt^i wf about 18 ins. of india-rubber is siitlicient to absorb file wlioh^ 

K/.r.s, iin;!']!!. 171'. m, ni.-m 

2 r o'. Ilinrnii «/ Mnirs 7''v/( , j\(i. lot, It'iri. 

|)l)c I! (/'/<'(■ /'In/', o'-v , imO-St, 33, ’2^7), li;is <P->rrili(‘il an clfftm-al nietlind 
^eniplo^iiig ttif I’iiaiii ]iri-sMitc L'li.igi- wlii' li appi-ais In lit* mlly uppliraldc to tlie 
tletHriuiM'ttioii ot HiK li I'tKisI itm'iil.-> 
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of Hi(i iiaplitloiloiu; from (i lo 10 'Jraiiis pi'r^lOO (.-ub. fl, 

wluNi tlx' Ijitlcr passos at 1 )m* raO; ot frntti 0-5 lo I (flil». •I’t. [xt liour.' 
Tlio picric acid s»)luliotnfs sfarid;ir<li/cd willi ^/io*<'aiishc hod;i, holiftioii, 
Ia<‘nu)id or })lii‘nolphtli;ilcm iKOti^ ij^cd as indicntor. Vlic (af»oul 10 
cub. ft.) is J^a^sl‘d llj^-oiij'li tiu' aj>para1 iis al a rale iioj|«Acc<Mliii^r [ ,.,iib. ft. 
p(U* hour, tlu^ v’#)lfinic bcinj^ c(»rrcctcd lo X.T. I’, (^(yicrally 00'' F. aud 00 
ius. pr(‘s'iur(^). AW-cr ^)assi.i;c ofllm ; 4 a>, the contcnis ot the (hinl and 
fourth l>ottlcs <d thc*train a,re washed into tl*<^ s(‘<-(’)nd botlI<‘, which is 
then* <'loscd with a 1 i;fht-(i,l inj 4 rul»lK‘F ^lopper lilh^fwith ^dass stop-cock 
or siiuiUr de\'ic,<^ Fv ineaiis oU;« pump, ihe wa■^ll boirh; is cvat-iiati'd 
until tlui yrecijitah( risi's Jo the surface:. Tlie stoj) (•x-k tluni closed 
and Ihe coiitents Incited to boilin;.' by injiinuMon'm a balJi with occasional 
shaking and then allowc:d to cool, Hie shaking la^ii;; ;-ontinucil to jmwcit 
sublimation of the iniphlhaJciK? into ihe upper ti'^ion of*tlic boltlij d'his 
pi‘ocedure cusiin's the coin'eiMou of tin* •*Jiolc ot the naphllialci11^r(5sc*it 
inlo naphflialein* picraVi. d’lie\olumc of Ihe cohl iiiiMiin^ is mea^wrcd, 
the preemitate, is si'pa,rated by%fiiIration lliroiij^h a, diy liher pajicr, the 
flist lew c.c. ol lillra.te l)i*m” reje.ct(‘d, amt 100 ot rhe lillrahi titrated 
with ^/loXaOll soliilion. If r c.c. is ihe ditlcrencc bclwe(^ the \olumc 
of XaOlI rciimrcji to n<mtrali/'e the total \oliime •! pn-Tic acid 
solution orminaJly la,k«‘n and tiial retpiircd for ilie neutralization of Ihe 
total volume of pn*ric arnl solulion aflci healing and lill^'nng, then- 
grams of na,i)hthal(‘n(‘ p(w KKJ cub. It. * 

c A 10 To 

Voliiiin* ol gas |fissc«l' • ^ 

K IIII b I a II c li ■ dll rrts^ajt cot loll to i^*rlam poiftisof criticism w hicii liave 
hiam dir<‘cti‘d agaanst die (bi I m a ii - S m i t h melhoil tor jiaplhaicne 
delcrmm.itioii. The principal of it^csc is ihat all the tiaidilhalene is not 
prci'ijafatcd m tlm combined form. \|oreo\(‘r, tin* iisc o| a si'parate 

\essel for ammonia a4>soiplion prior to ilic gas (‘iiii'rmg lhe*solutiSn of* 
picric acid renjers tfii‘*mciInxl unsintalde lor use; \tiih warm gases, 
(vnubluuch has iii\ •*stigai(*d siich |)oints as, iln* d<'< omposTnoii of 
na|)|ithaleue picratc bv di Jit(* alkali, b\ water and l)V cold |)ici n* acid, tln» 
combmalloll of piciac acid wilhe\cc..s ol naphihalciie. tin* **T1eci ot the 
t'cu/ol aii'l phenol cotila^iied in the gas on tin* titration \*ilih* of the jiro- 
'(net, soiubililvof najihtliaJenc uicolri dilute sulphuric acid, etc., and as 
a n'siilt of such invest igal ions luisdiw iscd I wo simple me! hods of naplitha- 
lene determmalnm t(‘rmed rcsjiectivelv lln^ ditfcrciice and direct titraliou 
method. The dilieri'iice, melhoil lollows tin* hues of Col man and 
Sinif-h’s mrllfod all^'.adv dcscrilM'd, two vt'ssMs containing a I per cent, 
solution of picric acid a.s iiapliTliahnie alisorbenf being employe^. Tim 
“direct titration nyUhod” is claimed to lie a. simiile a«d more clirccl 
method. The method is ajiplicabtc to wa.riu gases ami no separate V(*sHel 
for prior absorption of ^immonia., e^'i^nogi'ii, jihenols, etc., is rcipiired. 
The atisorptionjs carried»out m two (cylindrical WMsh bottles. Tli^tirst^ 
contains 110 c.c. of a mixture of picric acid ami sulphuric acitf made up 

' ./. (rti'i IttOO, 76, kjt. 

lOllI, 45 , tO-rdi); dos ItUT. J37, (54-0!). 
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HI (ho [iroportioii of 4(/ c.c. of 1 per ucid sctliition, 40 e.c. of N 

sulpl^nric ju:irl, ;ir:(l [\<) <•.(■. of \\at< 0 '. Tho !'»’coinl w'lish buttle contaiim 
‘J5ec. uf aljx'rn'ro pimr suliiliuti. Iij the absotUM* uf anunonin, 

1 |M*i' foiit.pirriom-id soliilioii U ompiuvod aioin*. In Ihosii lat^o’ circuiH- 
staiUM's, from aO to Tm litn's uf coal j^as are pa'vse<l ih-voiioli tlio wish- 
bottle^, and when snlphurie acid h used in addition *io/tipric acid (i.e. in 
pros(Mic(‘ of aminonij?) from 80 to Ho litfcs.^ of a^fe (M,n|»ioy(Ml. ^ Towtirds 
tile end of the alt>;orptiou a. small amount ot j)iurate is fovme<l in tiie 
second ves^d. TlieV hole of tln'i^nvipitati? transferred to a filter, and 
washed with a 0'‘2 )>er cent, jiierie aci;l solution until fre<‘ from sulphuric 
acid. The preciiillati' and tilt('r papor are then transfern'^l intoth<‘ seeond 
cylinder and tiirat«“d with ^^/lo alkali, iisin^ lliethvl oran};e as indicator, 
ll’J e.e. W/jp XaOlI l)(‘in^'nlio\ved for lh(‘ picric acid used in washinjf, and 
the lYiphlhah'uo <-o'nt<'i)l of the j^as readily calmdaled from the titration 
resulr.i. 

.1 0 r i s sc n and R u 11 c u i point out that low .••(*sults are oiitaineil by 
the orioiual (N) 1 m a ii - S m i t‘h method if tin' jinn-ipitate of naphthalene 
pierate is \va>hed with muc!i w'at(‘r. 'I'lnw find, moreovei-, that'when [irn 
ei[ntate<l"from a sa.turaled sol’ution of picric acid contamiuo also solid 
picric acid, flu* naphthalene jiierate is umlissoidated. Their procedure is 
as follows : A volume of 2o0 <•.<*. of a cold saturated solution of picric acid 
in water is evajiorated down to IbO c.c., and whili' hot i'- transferred to two 
wash bottles? The j^as is freed from lar-lojf,i-vanoj^en, liy<lroj'en sulphide 
and amumma, ami is lluai pa'.'.ed through the bottles at a rate of about 
IT) eub. It. per hour until a fair amount of precipitate' is prodiu-ed in tlie 
lirst botth'. T’n^ solut^ein ’-nd y recipitati*ari* tln'ii wa'<lieil into a flask, the 
volume ma<l»‘ up to 2u0 e.c., the Ihisk closed ami lu'ated to 40' ('. forabout 
half au luiurand shaken unlii all tln-'picrale llasUh^^olved. After eoolinjf, 
the solutirfn 1 ^ tilti'fi'd and an alnpiot.part of the tiltrati' titrati'el with **/io 
alkali, tin* titration value of tlicoriciiial solution bi'ine Iikewisi'determined. 

For General ^as works pur[)oses a satislaetoiw method is to absorl) tin* 
naphtbule'iic m an alcoholic solutaniof picric acid b;ade u)) by adding one 
volume of alcohol tie four volume,.^of satiirati'd a'|ueous s'.Mution of picric 
acid.- In this case' no dis^oe-ianon of naphthalene picrate occurs ami the 
‘^process of Jjeaime /u vacuo adojiti'd by (’oiiivan and Smith mmy be 
emitted. 

(J air' employs m-elic acid {s[> er. 1044) as an absorbent, a procedure 
which appears to possess advantage's when working with at a temjiora- 
tnre mindi higher than that of the atmosphere. Xaptliah'iie is precipitated 
as usual from tlie solution by the addition of picric aciei solutiein ami may 
be delermim'h \7>liimetrie'ally or "ravimelrically. 

s 

MICRO-QAS ANALYSIS. THK DETERMINATION OF SMALL 
PERCENTAGES OF VARIOUS CONSTITUENTS IN GASEOUS 
MIXTURES. 

Xhe presences of a elehnito ^.nis in a state of *pvat elilution in a gaseous 
mixture has frmpiently to he ipialitatively determined. Wlie.n present, 

J./. .S', f. /., 1&09, 28,1179. 'H'\. Sn iHj^r V i U e, /hid., 1907, 26, 1203. 

190.), 24 , 127y.'fti)d 1907V 26, 1203.' ^ 
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tlffi (|U;xntil!itivo (IMernmiJition of utnount ho of iniportaru-o. *It " 
is proi)Os(‘(l in tIn»prosonl,s(M-tion todoscriho hrioHy lly injjlhotlsiivailulflo 
for tlio ((ualitativo and (juantitativ(5 dotorniinatK a of soino sikIi con¬ 
st ituonts^ * • * ^ 

Carbon Monoxide. --The dctorininatiot! f)f minute (nianlilie< of earlmn 
monoxide is wnuWiines of extnnin' itnj>ortjiin-i\ *MetIiods of different 
sensifivUies into ^avJijlahle.# A ^nietliod dependerst upon the nsiuein^f 
action m carhon nn^noxide n[)on an amtnoniacal solution of silver o\id(> 
liaii been us(m 1 by Bert helot ' aiij J) e j n itt.’-' rfierwet'* has slnavn 
tliat 0'02 jter cent, of caP!»on*mono\ide is deti'rtffblo by tln^ dccolorntion 
pro<luc(‘d wlnm tlu’ j^as is pfi,j?sod irdo a s()lnti(i*i containing silvm’ 
nitrate aAd in^rassinni p(‘rniangana,te acidified \vjth iiAric acid. S p i tt a< 
has <levified a method wlnn-eby 1 part of caj-jjon monoxide in :{7,(M)d 
may be del('ct(Nl. 'l'hi‘ iiK'thod dejiends upon Ihe (*\idation of flic gas*by 
passage witli air or oxygen over lieafeil [lalhidium, tJie*teniiier;iUj*e being 
maintained bi'tween Job’ C. ami JdO' ('f Tlie i-aTbon dioxide )»rodiic<'tl is 
(hdennined by absoi-|ttion with standard tiar\la solution and til ration with 
^ standardiz(*d oxalie acid sohftion. The t1y,me test ii-^i'eeomnnmded by 
dlowes'^ for th<‘ rapid and a<-eiirat(‘»detection of carbon mono\i<lc in 
air. TIk' height ol Ihe ihitin'-eap mcreaser. proportionately to tin* pere’on- 
tage of earlion monoxide presemt m tin* air, hnt th(‘ vaAn^ of the*test is de- 
preeiated hv the tact tliat the height of the Ha,mc-cap is inlliiciieed by 
olh«*r inflammabh' ga»cs. • ^ 

AM(‘tbods dcpcMideiii. njH>n the r(M|iieing aciinn of carinin monoxide on 
palla^linm <'hlond<‘ liaxi* bcim de\ised. Palladmm chloride is reilneed hy 
carbon monoxidi* willithe formal ion of jne|j|llicj)a,l!adiii^ii. 

IMCL, + (’() + 11,0 - IM i ;;iir| + CO... 

• • • 

It must lM‘rem(Mi)lH‘'ed that asimilar reduction is pn)dn<-c(|^l»y acetylene 
ami other liy<lrocarboiis. Winifler" has vuggiwied that tlie (|(‘pth of 
colour of the bhu'k cloud of redm ed jtatladinm pOKlm'isl when i-arbon 
mitmixidc is passed ttdo a. solid ion coidaming cn|»rons chlnri^le amU^iaUa- 
dinm cliloridg will ^e»vc for th(‘ dctci minat ion of flte amount of carhon 
monoxHlc jircscnt in the gas. The di‘iith of colour can he readily 
ili^asnrcd hy any of IhiMisiial lorms of colorimeter or ncphclomctcr, yic 
comparison tulw being tillcil with Ihcsoliition in which thc»!rp1h of colour 
is due to a known aimwint of carhon monoxide. Potati n and 1) rollin’ 
similarly used a solution of palladium chlornhe The palladium chloride 
can he employi'd in the form of test papers. Tlu'sc ari'produeiMlWiysoak- 
ing strips of iilter papm* in an a<tucous ''olntum of palladium chloride eon- 
tanning 0*02 gm. of tlu^ chloridi^ in Id e.c. 'I'he jiapms aredried and wlien 
required fi)r*iise moistmuMl and snspi^idiMt m a*vessel containing a 
little water and 10 litri's ofgas to he examim.'il. The time ro(|uircd 
for the ])rodnetio^i of a hlaek him in the [laper is depert^lent upon the per- 
eentagiTof carhon monoxide presmd in the gas. If carbon monoxide is 
jireseiit to tlie extont.^f (TOo tmi' cent., the bi dliant lilaek him is obtained in 

' Tfthi., bsJli, 112, m. ■' i9o:>, 140, • * 

•■‘//m/., 1«97, 124, ()21. M/c/u/. ////r/c«c, 4«. 284-310. 

^ ffniish jlss<icii((itni Hf/Kir/, 1890. 

•J/ lt^S6t28, 269. 


umL, 126, 038. 
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a fow ininutos. A sinAlar i'4!sult i?; itfttJiiiicil in .wo iionts il ('(irlio!) inoiin- 
.\nIo pmsohin ro I'lin cvlfitlr ol’ 0*01 |tf*r rciif.' Sul|iliftrntl(Mi lt\(li'o^nni, 
ammonia anO ri'OiuMi^j^^^arti'ssurh a'^ari'tylntu* myi^l Ik' |•(ylH)\(•<l imlnrntho 
lest iseftiTit'il out... Foilo r n‘i-unnm‘n«l^ tliat Ilia»-arbm\ nmuoxii^o )h> tivst 
of all absorbed witlj binod, lH‘iii};:dt(n*\vards(‘xpi‘ll(‘d bv heatinj^^ tlio blood 
to llX)*' C. A slow eiirnud of air is as))iratod tlir<ni;^di Ihc bK'od and earrios 
with it th(^ earbon ni^moxido conii'iit oir Mic*blood./t Tb<‘‘!iir ainj carbon 
monoxide pass tlironydi a tram of wasli Itottlcs conlaiwin^f respectively snl- 
plinrie aeid, lead aeetaV- ^Gid [talladu in eliloride, (iasc'ssueli asaminoiiia 
and liydro^am sulphide are retained in the IiinI and second wasli. boltles 
respectively, and tn<! carbon monoxhle rediici's the ]ta!ladi/’in oliloride in 
the last Ijotth* or bottle^ of-tin* train. 'I’he anidnut ot nnluction is det(‘r- 
nipied colorimetrically as-<ibovc l’ln‘si‘n>itivencss of tin* nn'thod is, ac- 
eordina'to K lep-'.o'If, coiisidi'rably increased if lilter [taiter soaked m 
palladir..'* ''Iilornh* is used in pL‘y<' of the solution. siniilar nu'thod 
employing a dilute solution of goM chloride has been used by Oe n a ii.' 
The gold chloride Milntion is miliallv veiw pale yellow, at1(‘r reduction tin* 
colour is'ruhy red.' Levy- has <-ritiei/cd lIuMiietliod and has slnavii that ■■ 
0*0 per ceiii. oj <-arbon monoxide is readilv detectalile. Jb* points out that 
the iindlvxl r(‘tjuircs the prior removal of a<-ctylen(‘ and h\drog(‘ii sul¬ 
phide. 

The Blood Test for Carbon Monoxide. -Carluni monoxide is n‘adily 
<letecte<l ixith'spectroscopically and colorinictncallv I'V means of blood. 
Tile method dep«>nds upon the fat-t that llie gas i.-. readily absorlu'd hv 
blood, witli tin* formation of <-ar)'o\yha(‘inoglolun, the, (»\yg(‘n of tin o\y- 
hamnoglobin be»‘ig displLcci*'l»y earboii monoxide. 

If a 1 d a lie-’states that tin* colonmi'trie h'-'t is niiirh nion* <li'lieatt‘ 
and more siiitalth* for (juantitativi* esi’imalnais thitii the sjtei-trosoopic or 
any otlier knbwn method ot examining tiiiall samples of blood foi- carbon 
monoxide. 

The Colorimetric Test.--Til is test was devisciMi\ Haldane' A 
dilute solution of normal Itlood is liist prepared by ni'i,"knig I lie linger and 
shaking up a dr(»p of IiNkxI ''Oiitaained with wa4ei'until tin* i'(‘sullingsolii- 
tion has a yell(»w tinge. I'orlious ot tlie sohilioii are placed in two tes-t- 
tifhes of e<(iml diameter. Ordinai'y lighting gas is then ]iass(‘d into*,lie 
solution in one ol theinhes until the Incmnglolnn is entirely saturated 
with carl«)U nmntixuh*. ’I'ln* colour of the sol ut ion is then pink, A nioiisi* 
is ttien introdnc(*d into tin* air to be li'sted and a, dropol its blood, ob¬ 
tained by opc'iiing the heart, is introduced into a tim'd test tube, lln* 
blood is diluted witli water until the depth uttinl is tiu! same as that ol 
the two other soluf’ons. (Vanparing the tints of tlii! solutions in theth'iei* 
tubes, it is possible to (“stiniatc*, aceonliiig <t the nioiisi* s Itlood solution 
api)i'Oxi^miti;s in tint to the oiu* or the otli(*r of tin* two first solutions, to 
what extent the inTnise’s hicmoglobin was saturated wuth \-arlnni inonoxule. 
Two-thirds saturation of the nmnse’s blood willi <-a,rbou monoxiiie 
corri^sponds with 0*10 pei* ei*nt. of carbon monoxide in the au*. Half 

1 Aka<l. in,vv. IIV-H. su-.., 114, c. / , IHII, 30, 14'17. 

77«' liicestl;iatiiill of Minr Ally p 14^. 

* Mflhoiis o! Air Aiu'hisis, ItHH, |ip. IFidiiH. ' > 
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fiatnrat.ioii of tho nioiisc’s Idood willi^cjirlKHi inonolido r(ii n*sj>nti(ls \vitl» 
O’OH |)or ('(uit. of caVhon iiiwioxido iii tl)(‘ nir, oiic-tliinl ^wifli 

0'04 |M!r rout, of ojylHin m^itioxidr, nno-liflli witli (f'Oli |M*r ovnt. 

of cavlMiu (^loxido. toM. is ciirriod cmt in <l;iyli^lit hyl in iH».<Mwo, 

a lam|M)r iiinandrsja'iit hiirnrr with a, hhu^ ^dass rliimtKW’aiul opal 
^doi»e may ho <?i- hliK* glass spoctaolos can Ixv t^nplosa^d. Tin* t<‘>t 

<‘au 1 k^ ca^riod oitt. Jhii%it a ifioii?^<* is not availal'lo: "I'ho sanip[(‘ of air is 
i-oll(‘ch‘(l in a l)Otll(5 ofrfihoul lODc.c. capacitvand fli(M-ork roninvod nndor 
a. solution of normal hlood i^i distilli-d vjafor of ^ron^li al.oiit 4 por cont. 
About 5 <;.c. of th(‘ air m tin* botfh^ ^s allowed to hubbloout and a similar 
volume of solid 1(^1 to ent«*r. Tli(‘ cork is replaced and t!i(‘ bottle am! the 
contents shaken for a,inmt *len minllle^ light l•<*ing caretnily (‘xchide<l 
from the bottli‘ bv covering with a doth. Tlievsohitioii is then poured 
into a lest tube ami the jxocc'ntagi’ salination ot, tin* hjciiioglobin*with 
carlion monoxide c^liinaled as above dcMTibi^l. 'I’lie jjerccnta^m^dSr cai^- 
bon moiioxnle (p) po'sonl is calculated from the percentage saturation S 
by the formula, - * * 

• ' 0 07 s ♦ Jt 

KWt ’ 

Iflheowgen piM'ceiitage ol the air be much <hminis^ied. a eoiyeclion 
is necessary to tin* formula. If, tor iiNtam-e, it be re<|uced by one half, 
tin' calculated value ot ji is to !»' hal\e<l in order that tin*corix'ct jierceiit- 
age of carbon monoxide may Ix' obtained. Jfahlane* In^ devised a 
more I'xa.cl colorimetric te-.t :n wliicli the procixliire is brielly indicated. 

A 1 iier^'i'iil. solution of blooii saturated with « ar]ion monoxide isjircpared, 
likewise a 1 per cent, solution of norniaMtloojl. A stamhjird solution tif 
carmine is then run into tin' solution ot normal,hlood until the two solu¬ 
tions a,n‘ niatcln'<i <*<ilori?n^‘lricalh. A coiorimetric tc'st has Imm'II devised 
l>y Knnkel and W('tz(‘l in wlmdi reagents such as IfM-.c.’tit a 1 per 
cent, tannin soliit ion, or Ti c.c. of a 20 per cc'id solid loii of potassium l»*rro- 
cyanidi' are added to It) c.c. of a, normal 2(t per cent, solid loii of blood 0^*1^ 
a similar volunu' of per cent, solution (d blood coidaiiiiiig carbon 
nionoxiile. (x)a;iulation of the blood occurs, (he jaecipitate m the^iormal 
blood Ix'ing grevisli-brown and that in the blood containing I'arbon mon- 
oxide feddish-brown ,\ crhiiparisoiiot the colours enables tln;,aniount of* 
carbon monoxide picsi'id in the gas to be deti*rmined. , , 

The Spectroscopic Test.--()\\ha’moglobin (normal blood) possesses 
t\V() absorfition bands in the yellow ami green, lietweeii Fraunhol«*r lilt's 
J) and E. In tin' case of Idood erintainmg carboxvlnemoglobin, the 
bands li(‘ close togi'lln'r and their borders are less sharp than is the case 
with fiormal blood, ditlerence in I he n^spectivi' lyts of bauds is 

acceiftuated by l.roa,tmeiit of tUfc solution of blood with reducing agi'Uts. 
Ammonium sulphide or ferrous ammonium tartrate is usi'il hulliis 
connection., Vogt'4- recommends the following procedufe: lOt) c.c. of 
fresh blood are diluted witli 50 c <•. of wati'r and [rnired into a flask of 

about 0 to 10 litres cajthcitv eontainiAg the air to be examim'd. The 
» * > 

* Join util of Pliifi>u>l<>ij!/, 1H97. 22, 47H, 21(3 : rl o wc s niui he il wood, Tin' /kfi'i'finii 
ami Enfiiuii/iimp;/' Iii/iininiiiilJf (/ii.\ tiiiil I’a/iiun m (/u•.\n, ji. 139 lluldaiu*, d/('//c«/,v 
»/' An- Ami/vms, 1918, p. U9<y .m’i/. 

/It'S., 1877, 10 , 79f; 1878, if, m. • 
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l>otlIo is ciosod and for half an hour. Ton drops ol*tlio 

noni^a! unc^I^M'i'4 solulioii of hlood and of tkat slial«>n up in tlio hotUo 
.‘trv^row (liinfoti and <‘\nini;nv| .•'p(“clros(‘opif{iIly. A few drops 

of f/j# N‘dncin^^,a^'-onf—aniin(»niiiii} siiljiliido Hr fonv»fis aininoniiim tar- 
trato-are add(‘d t(^ oa<'li. ()\yltaMnoj,dol>in is fhorchy (o liauno- 

j^lobin, wh'ilo (*arho^v]ia*mo^doliin r<Mnuins coniparartvoly unalh'nvl. The 
Inonioj^loliin forna‘(T y'u'lds on(‘ ill-do^,iio‘d«ial)sorption l^aial ladwotui tlio 
two absorption Imnds oi any unaitorod oxNhaonoj'Jobin, and tlfo laind on- 
tonds t)oyon<I tin* ii^jt ot^tiio laycp- two liands Imt not so far as tiio |> and 
E linos. Tho bands willi oar)M»xylta‘ino^l(han foina.in praoti<‘ally nnaitor<*d. 
Tho rolativo int^iisilios of tlto l»ands'duo to oa.rbo\ylni‘nioj;lol5in ainl to 
roduc(‘d liaMuo^dobin ai;*' mouMin'd, tin* fovLoM* Ikou}^ niov(‘'or loss ob- 
scurod by tlio snporimpf)H*d band of tho ialt(‘r, and tliorofroin it is jiossiblo 
to d(*iorruin»‘ wi{.li <roino do^M’ 0 (‘ of accuraoy tlio do”ro<‘ of saturation ot tho 
))loiaV'.'.’itii carbon monoxide.* 

Determination of Carbon A^ionoxide by Meansj of Iodine Pentoxide.— 

This inotliod wa^ (Mnp!oy('d l y G a u 1 1 o v- lor tho at'curat<‘ dotonninatum 
of traces of carbon inonox/bic in air; tho motliod was introitucod indo- 
pondontly )>v X i c I o u\. ‘ The reaction oc<airnnc is r(‘prosonlod l>y tho 
C(|Uation^ 

r»(’0 + IJ), - 5(’G, + J,,. 

Tlio <|uantitativo determination may then be made eitlior by dotm'- 
ininin^^ tho lodiia' liln'ratod ov*by <lolormmatii»n of tlu* carlion dioxide 
formi'd. N i c 1 o u \ adviso> pa^sinj; iho <;a,s through a U-tubo containing; 
small [)i(Ma‘''of potassium hydroxidt*. tlnm ovi-r pumice soakiat in sulphuric 
(leid and iasif'y through f.. U-tHibe coiitainin^f iodine pontoxiih^ immersed 
in an oil bath at 150’ (!. , An al>-'orption lube containing |(i of sodmm 
hydrate is placed after th(‘ tube Vonlainin<; ]^)fiun‘ pentoxide. The air 
is asjhraftMl thmuj^di tlio tram <if tuibi's at a rate of ab<iut 10 c.e. ix‘r 
minute, or Ics^. The sodium ti\<lroxide ali-^orbs the iodine vai»onr and 
^ tl.iis is afterwards lilicrat<‘d bv tli<‘ addition of a lilth* sodium nitrate anti 
a littlesiOphiiricpcid and extracted with carbon^bi/ulpliale or chloroftinn. 
Tlie tMihantion obtain‘‘d is <'onipan‘d with that eivt-iiMiy a solution of 
^ (lotnssium iodide conlaaninj; Od mj;. per c c. when li't'ated m like my,nni‘r 
with sodwpn nitrate and sulphuric aiud and'extraeb'd with chloi*'aorin. 
rThe liberated .bidine can aisii be very accuralejv <lelermine<l by tilivdion 
with */ioo sodmm thiosulphati* solution.^ Tlie carbon dioxide lilK-rated 
(•cn j*e determinett bv titration of the sodium hydrate solution witli baryta 
solution. Gautier points out tha,t traces of etliyhmo and acetylene 
diminish the oxidation of carbon monoxide. I>ev v' nas found that this 
iniiitntory effiM-t is not e\hjl)ited if tln^ oxidation i^carrii'd out at 170" 
ami he su"g(‘sts that the inhibition is dKe to the water prodm-ed by tlie 
oxidarton of the etliylene, (be., and is preventiat by mnployinj; a ieiupera- 
alKive tlie point <if dehv<lratiou of iodic acid. The metlivid lias beim 
discussed in itelail by S p i 11 a.’’ A portable form of ajiparatns capaldeof 
<■ o 

« * Soe (Iffe/iiKiiiii, Arch./. Ilii<jiciu\ 1S84, 2. 207< 

Jtrn>l.. 1898, 128 . 798. m. ' Ihid., 7ll5. 

‘‘Kiiinicutt lunt Su ii tord, /. , 1 . (\ .s’., 1900, 22 , It. 

^/. S. I., 1911, 30, 1437. 

®Spitta, Arch./. Uyijicn^, 48, 281' 
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f^iving rcKiilts coi-rat-t to O-OGo jkm’ Iiuk botni (I(4;cnln*<l by G r ii li a mJ 
In thiK liborarod iodfno is absorbod in a solidi(wi o$ polassii^m or 
sodium iodide ai^d fitniJiMl with a sfaiidai-d solylioii <>l' sodium dbio- 
sulpliato. " 

Ri d ea 1 and*'!' a v 1 o r’'* hav(^ dosi^rnod an instnimnnl, win'roby riie pm'- 
(t(‘utage of carl^o^ mono\id(‘in a sln‘am of ^a^ is,rccord(‘d Tlio (*.arbou 
inonoxidt^ is cirtaWtii'ully afrd ^ind'oronlially oxidued In cnrbon dioxide, 
and this is snbseijin^itly ab^erlied bv a stream of^tandard lime water. 
Tliei*C(»nduetivity of the s(Juli(m \> m(.»i.tiired a'nd (^'Htomatiejillv recorded 
and to record the jicrct'iita^^' of carbon monoxide in the ^ois. Tlie 

instrument is (^‘si^med priu'-ipally for rluMbderminiduVi of llie purity <if 
the Indro^en used in amnlouia svnthesis, *• 

Sulphur Dioxide. -Viuy small *[u;mtitiev oUsiilphui- dioxide cun [)<‘ 
determined by absoi ptum in iodiiu* as already tles‘rib’*d..» 11 a I d a ’«(‘ (un- 
ploys ^/loo iodine solution and litratr^s lln;i‘\(VsN uitli ^/loo sodiiua^rsenite 
solution. * 

ilailey’ has <lesijfned an apjiaratiG lor the didi'i'mination of the 
%<ul[)linr dioxide in the atmosplKU’e. In tin* Hk* S(^ oxidized by the 
jiassage of the air up a lowiu* jia<‘ked with glass sphere?^ oJiu* whicli 
triekl(‘s a solution of Jiydrogen jieroxidc, tin- stnaigfli ^of winch is such 
that it contains 1 mgm. of actne oxygaai p(‘r (-.c. 

Tiu^ piu’centage of Sth pri’seiit is then il('f(U'mineil Iw precipitation of 
tlie resulting sulphuric acid as ba,rmm,.sulphate. * 

Hydrogen Sulphide.- -According lo II a I d a n the fnapienlly (pioted 
statemimt that a man can brisitlu' 1 or «‘vcn U per cent of II.jS for a short 
time without injury is quite eri-oneous. .V>(‘ lusii aM n '• loi jiid that air con- 
taining about 0-07 per emit, is jiist suHi'-KUil to cj,\usc death after exposure for 
about OIK' hour in the of \arioiis animals and of man. According to 
llaldaiK*, hvdiogen sulphnh' invervgreat dilution is rea‘lilV n'cognized 
by its characlmastii- smell. This li'si is less distinctive wlu'ii the pro¬ 
portion of hydrogi'ii sulphide prescait excia'ds U-Ol per cent., but tlu'ii 
irritation of tlu' ('vi'^ bi'gins to Im' produced. In go'at dilution it ma\ 
also be n.'addyMetiK-ted by its blackening act ion on lilter pa jier lyoisteued 
wiUi a. solution of ac('ta.te of h'ad. W’i'll prejiared “ lead-paper ” is an ex- 
trelmdy delicati' agu'iil far the di'b'ction of minute tra.<‘i>s j^f ludrogeh 
sulphide. The nio-:t sarisfa.etor\ le-.t papers may bi^ prei^ired by moistiyi- 
ing shi'i'ts of filter paper with a solution ol I jiart of sugar ot lead in 8 or 
9 parts of water and holding each slu'i't while still <lamp over tiu' suj;^fa<'e 
of a strong solution of ammonia fora few minim's. Tin'ammonia escajies 
as the tost pafier dries. When such papers are immi'i’M'd, for say half an 
hour, in a la rge v<)luqieuf gas. very minute 1 rast.-es of sul)‘jiiiretted hydrogen 
wirt give a browurstain. Jjigiit should be excludi'd from th<‘gas during 
tho test. It IS oftciii <-onvenient tb it thf( gas issiu' from a small .orifice 
and inifiijigedireeplyupon tlu'papi'r. Tlu'di'lieaevof tliAtest is increased 

»./. -V. <’. /., 191M. 38,'W. ’ IhcO/v/. m\\ 44, 

The AtmtiKiihf’iriif Minwht'slir. /O’/xe/ (othf Mifudu’sler I'lchl yatnrnhsis 

1891. 

* Thi^ Ifireiiiiyntvin nf Mtin '.! o', Foster iiini H a 1 d a u e, lyO'*. p. 149. > 

^^\rcli.f. fli/yimif, 189‘2.d4,^13r». , 
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by usiufi a‘iiioist test. Various attruiipts have juaui made to tic- 

ti'rniiri.^ a M-ata w'luTchy tin' pi'ri-i'iitaj^o al ny<lroj^i‘n Milphidf! proKont 
inay*J»' asiuH'laituHt fVvnn llii' colonr iinpartiMlj fo pajna* after 

[)assa^^f of a deteriHiiK'il volume uf ^as^. It douldfiil,#iiowover, 
wlioHior i'lU'h scales gflonl any triu' iinlicatioii of tln^ mua't'iitamm of liydi’o- 
sulphulo m flu* Wlicn a paper is <^\postal To <i.»do\v stnNini of 
^Ms after tlio mamuM' j)res<-ri!icd by tlu';»aas’ilcfen/-s, 1» pfirt of ^yvdroccii 
sulplnde per 1,000,00(iIS naijlily detcct('d m'.i miiiutcs*. Accau’diujf to [jc'li- 
lu a n 11 , after passa^ur,of 8 htres (U'air at Jlu( ^yite ot 12 litres per hour 
tlirou^li a tula' 12 mm. in diameter, arvde l*ro\vn colour is formed when 
hvdro^u'n sulphide,.is present to the e\t<'nt of from O-ddOJ pi.v; cent, to 
0-0002 per cent., the pap(*f held at tin* outltd of tiu' tul)e. A stron*; 
V(V*lo\vish lirowii colour iTtohtaiued when the jMM’i'iMita^u* present is 0-(KK)t{ 
pt'r (‘(Oil. while t) (>!)do piv ceiif. ^o\(‘s a dark brown colour and d;l)l)t)H p(‘r 
cent, a'h' ’ uish l)Ia.ck colohV. ,When m!ikmj,M-<impara,tiv(‘tests of this 
natin;(‘, attention should always he pai<i to the metlfod ol impinj'enu'nt of 
the "as upon tlie paper, butt e r f i (d d ^ yates : •• 'I'lu'two si<les of a. juece 
of haul acetate pafier /- sip in.’ m ;,iiea heconu^sumethinj^ apjiroachiu" ti};hb 
oak colour^wli^'n broupdit m <'ontact with 0 OOT c.c. of H,,S”. Wright- 
has d(‘sc','ihed a imdliod Ibr the determination ot tin* iiydrogeii siiljihide 
contained m coal j^as, whi<-h is (‘syontially a. moditii-atiou ol a metlmd 
O’aginallv <Un* to Kresi'iiiuv. The hydrogen siilpliide is alw'rbed hy 
cuprous phospliati' rontaiinsl in a U-tuhe. 

Hydrogen Phosphide.- 'I'lio didermmatiou of traci's tif this gas in 
technical acetyhme is ot great importauci* .V qiialitat ivi* l('st for haVmfnl 
iiHpurities is tiPalltiw tVie :f.•etv^*ne to impinge upon a hlack liltcr papi'i’ 
soaked with mercuric chknidc an<l inoistcmMl witli in pm-c<‘nt. hvdro- 
ehloric acid. The pn‘scnc<‘ of plio-itlmnis, sntjilt’ifr oi‘ silicon conipoim<ls 
is indic,atiMl*‘l)V a wliit4* stain. .V \ a ration of this lest is to biihhh* lln^ 
gas throngli an a<'id solution of nicn-mic chKnulc. 

^ iW'i* the (piantitatiM* dctci'iiiinalion, hydrogen pi^osjiliide is oxi<li/cd to 
phosphoru- acid. u n g c and Cod c r c ri* n 1 z ‘ pso'sodinm hy|>ociilorite 
for this puriMisc and pi-ccipitalc tlic phosphoric m-id with magnesia mix¬ 
ture. There 1 ^ risk of explosion when jiassuig the aectylciie throiiglp a 
soliithln of >*«(^inm hypocliloi iic. *' ^ 

' K i t n e r and ep p e 1 c r-* hum the aoetvleni' i,'i a special hnrncr giving 
a nou-lmniimiis Maine, and asjnratc tin* jirodiicts of comlnistion throngli a 
glasti hpod and tlirongh hiilhs <-oiilaimng watm’and sodium tiv|)ohromite 
solution. The jihosjdiorie anliv'iride de)H)S)ted in The glass iu«id is washed 
out with v.'ati*r containing a little hydroeliionc a.< i<(. 'Ihe washings are 
evaporateil with auinionMunfcarhonate, redissoKed ami tiltyrefl to renft^ve 
silica. The filtrate is then mixed with titt* soliituais in the hidlis and 
phosphortc acid jirecipitated wdli aininoninm mulylidate. Oatehouse'^ 
burns tlie gas at tin* rati* of 10 hires per hour inanorditiary bnnw'r under 
a Ixdl jar. The products of comln.stion leave the hell jar through a dry¬ 
ing tower and a long condensing tutitr wluch acts ai a chimney and down 
'which a little water is allowed to trickle. At the eoiudusiou of the test 


^ ^'lif'Diikfr// IK (lif.s \Vii,/,,\, lUTt, j). .'X). 

Clif'iii., 1S97, 10, ♦ial. 

'■> IWW, 9, 167 : 1909. 0, 
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the apparatus is aljjowod to (■ool an(/waslie<l out w*itli watoi'.^ Tlio plios. 
j)horic acid in the <*on<lon!4ite and washing's is titmjed Wrth ctustic 
soda solution, usii_^ plK‘rn^ll)htliak*iu as indicator. hJiirfluu’detailN of jhese 
doterminajlons will ho found in Lu iiff o and K a tie ’s 'Svchn'ical yjvfhods 
of Analfi>ii% Vol.»2, or in Leeds and B n 11 <; r f i e I d ’ s Acrtylnu', IhlO. 

Ammonia. of anmionia may l»o readily <fet(‘eted hy means of 

eitlior tuignerie dr ham^itoxylhi jfafKM-, nr pa pen’saturated with N e s s I e r ’ s 
solutions. Turmei'ie•paper is prepared hy imnref,mi^ing luhiiious paper 
with an aleoliolic solution ^)f turmeric.! N’iie eolour,f^‘ tin* paper is turned 
re<i<lish-hro\vn hy ammonia, link ^s hleaehed if hydroj^en suljtliidi* he 
))res<ml. Hauniitoxylin paiu'r is j)rei)are<l as fnllnws.’ /ihhiiloiK paper is 
washed with <lihite IKJI, * hen ring'd limrouc^hly with distilled water. 
The paper is imnnused ma solulmn prepared \v di^o'stin^^ 10 parts vf 
lo^w<«>d for s<!\(‘ral hours with 40 part' of aienii.ij :m<1 1120 f>arls ni'yaler. 
'I’lie li([uid is lH‘a.t(sl with 07 part nt ah^m (lYee ln>m iron) a’*-^r7 ])a/t 
of eal<-iiinwlil»>nde dissuhed in the siiiallesi, pns.^ihie aiiinimt of \^al<*r 
at'i<lili'Ml with 11(11, uliieli is a<Jded <lrnp hy<hnp until a red colorafK'n 
^iifliei(‘nt *tn tint the pa))er is nhtaiiied. Wlifui dr\. Ihe’paper is sli^ydiliy 
yellow or jaiik. It h«‘cnmes hliie m I lie presence nf allsa{y’s and is ex- 
trmnely sensitive In aiumniti.i.. » * 

Nessl(M‘’s soliitnm is prepared m the manner alread\ descrihed un<ier 
W'aler Ajialysis. Kor Ihe exact determination of a mmiit(‘^traee <>1 an:^ 
mniiia pr(‘b('iit in air (H’ ntlnu' ^^as. a d<»fimle \'oliime of the e-js is passed 
into water stifrlitly aei<lilied with siilphiiiie acid, the ahsorhed am¬ 
monia* lieiiifi siihsispicntly deteniimed <-olorim(‘tncallv. A solution of 
Roclndh* salt prepar<*d a'> tollows is reipunll • i•lfty*;;rams df Loehelle sajt 
are dissolvisl in 100 e.c. of hot watt'r : o c e. .\ c s s I e r ’ s solution are 
adih'd topriwent the loiLTatiim nf nmuhl and lliesnlutinii ke]ii m the dark. 
Wlien iMM-essary the Ni^sslcr snWitinii and the snlutiuu of Rochelle 
salt may h(‘ filtered jlimnyh a jilu^ of cotton wool. Tin' amnioma deter¬ 
mination is tlx'ii eaiTK'd out m the foiiowiii}^ manner-: KKle.e. 
solution eontainiue a'4ii)^onia ahsorlK'd liv suljiliurie lyid is plaeinl in a 
jlkiss stoppef<‘<l*v<'ssel of ahoiil loO c.c. ca)»acilv. A similar vohinie of 
waW'.r frei' from ammonia is jilaeisl in a se( ond similar ^lass \esseL ^ 
or l> d.e. of the Rochelle s.tll solution prepared as a.ho\e are41 till'd t'o the 
eontents of each ves,-«e!^rnliowed hy the saiim amoimf*ot N(‘ssler’« 
solution addl'd <lrop h\ drop with stiirinj.^. 4 ’o the contents of tin' vessel 
eoritainin^f the aninioma-free water, a siandani solution of amm*»ni«ni 
ehloriile (1 e.e. Od mj;. Ml,,) ii-'ndd<'<l dmp hy dr(»p until, after sliaking, 
e«|iialify of colour is ohtained in tin' ease of tin' coiitj'iits of both glass 
vesHils. Ri'miaiieiit ^'olour standards for fhfc' comparvon may^ie pri'- 
pare<l from soliitioiisof |)latinu^i and ('<ihall saltsas reeoinmendeil hy the 
American Oommitlee on VV'ater Analysis, IhOo. * • 

Special Physical Methods.—Special met hods utilizing the ilitfereiiei* 
in tlu'rinal, optical, and I'leetrical propi'rlK 's of various gases have been 
<i('vised for the dt'lernfiiiation of smfill )ier"(‘iita^es of gas<'s iii gnsoons 
mixtures. 'I’lii'delieaey of tlie o|)fical umlliod utilizing tin'spectra of the * 

^ 0111 / 'I’uLNloll, i]\ (■ \. l!»is, 195 . * 

/.ni% li!i9, 23,,151 .iiul 511 ; 1901, 25, 5S*:. 
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various gash’s is (fxtronu*, tlio olcdric <Hsi*hargo in jn oxImustoU tul>c 
contifJning a'lrac'e jif a gaseous inixtuiv, enai>ling on<^ to dcteeti with 
eortir nty and in son^^ cases to lietenniiio qm'ntitativoly tlie minutcKt 
trace of agaseoifs constituent. Tins optical nuUliod is moKt#highly de- 
v(ilo)««i in the cas(‘ the rare gases—lieliuin, argon, nfon, etc;., and the 
roa t(M* is refeiTjal to,t>/joks such as B a 1 y ’s Sff’clrn.HCfrpif ^'jongnians) and 
Travers’ Sliidii of (Uoft's {Macniillj^n) tor detJCils of \echni^u«‘. The 
methods depcM)dingMipon< tlie thernial and 4‘leetrical properties of tlie 
gases and of tlu'ir sfiutions, heu'id’ strictly i)ii^’sicai in character, iiardly 
fall within the sc^ope of tliis work. At^uition may he made of iihako- 
spear’s' liydi’ogen-piinty meter or katharom^etiu’. In tlvis, tw/) platinum 
wires are ininuM-sed in eliaml>ers containing gas, the one gas pure hydro- 
gv'U amt the other Ijvdrrigen togetlu'r with some impurity. Tin* hvo wires 
form^,rms of a'W liea t st/nn^ l)n(lg(‘ tlinnigli which a pri'-iletermined 
d'istrihui.v ..of current is maintained and liaianceol the bridge is obtained 
wiuvi both samph's ol gas an* ))ure hydrogiMi. 'I'bt' balance of tlie bridge 
is upset owing to the diminislKMl thi'iapal conductivity of the gas<'ous 
mediumyontainuig a ga^ oihi'i; than hydrogen. The deth'ction of the 
pointer of tli# galvanometer imliealcs the percmitage of liydrog4'n present. 
The method i> one of with' appln-ation hut js of I'xtn'ine s<‘nsitiv(*in‘ss in 
the ease; of hy<irogen owing to tin* uni'iiu* liigh flu'rmai eondiictivity of 
"diat gas. >|entioii may also l)e ma<le of the (deelrieal method devised 
by Campbell' using the Pirani pvi'ssure gauge. 

THE MEASUREMErjT OF OASES EVOLVED FROM LIQUIDS AND 
' ' ' SOLIDS. 

Methods of analysis depending ilpon the mdakiirenn'nt of tin* volume 
of gas evoVvial bv a reacrion wine l•olldered more {-asily ap))lieabl(‘ and 
more accuraU* by the introduciion of Lungin’s apparatus. 'I’liis was 
,-o;i#inally deviled for tlie determination nf nitrogen acids in vitriol in 
connection witii the control of ehanilK*!-acid })l^ard»s ami lieiice is gener¬ 
ally kivnvn as a nitrometer, Init witli modification it I'uay, Ih^ mlaptial 
^or a variety of purpose's, eg. in eonjuneiion witii l[em|)e! and other 
simitar pifc^tes. 'rhe simplest torm of nitroni'cter is sliown in tig. Hoand 
•onsists of agi‘ftduat(‘d measuring lubea to the top of which is fused a 
three-way stop-cock carrying a glass cup as shown. The graduations on a 
ex#(*nd from the topdownwanls and in tliistvfie the total volume may be 
50 c.c. divided into ' k, c.c. Tlie reservoir or pn^ssure tube h is ungradu¬ 
ated and is about tin* sanm sizi*. as the Imrette, to wlucii it. is connectiHl 
liy means of a suitably jinilected pressure tulm. |[3"th tubes are ht^hl in 
clamps on an iron stand, ami the ready iVsinoval and rciplacemCnt of the 
meamiftng buivtte are facilitated by the provision of a strong spring clamp. 
The apparatus is very suitable for the use ot mercuryro tliat g^ses soluble 
in water may be measured. 

In the analysis of siibstanees {e«g. solid nitrat/,s) wiiere it is desired to 
measure a larger voluim' of gastlian 50c.(!. the‘ca]iacityof the measuring 
burette is increased by blowing a bull) (of say 100 c.c. cajiacity) just below 

1 Sec Prer. /.’.e/. .W., W'O, fiSfiA, 27.3, • ^ /'mf.l/Viv.. , 1920.21, 33, Kh 
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tlio tap (k(m‘ fig. 1I4<J. In tj^is naso a similar bull) is blown a<t tho bottom* 

of the prossuni tube to contain tlie extra, (lisplaccd ni5^rc.iirv. ' 

The apitaratus^is jnaiftpulato<l as follows: Ilie‘^niretti; is fil](‘(lj*Tvilh 
mercury aftd all jiir e\p(‘ile.<l from th»‘buivth'un<l the two bore holes of 
tin* tap, a small mewury seal being left m 
the cup. If gas to be^iK'asured is 
generated^in soin*' e\Tei;na.l vessel, that 
v(‘sKeJ is connected t() th(! side limb of i|ie 
taj) and tlio gas volume is (t^isilji measnr<*<l 
at atmosf)herie f<*mperatiire and jfl'^sure. 

Jn cased, sucft as tin* determination of 
nitrogen acids in vitriol, wlnu'e the gas is 
generated within the: biin'tte, the li'|iiids 
are introdnci'd to the buivifc' tliroiigii the 
clip. TIu' liipiid having Ikmmi pom'e<l on 
the surfaci' ol the ni(‘nnn‘y in the cup, tli(“ 
lap is caylioiisly ojuaicd and v.hised just 
\Tlien all the li(pii<l has run into the burett<. 

If any air is introduced at this stage it 
must be a,t onci‘ «‘\pe]Ied by raising the 
pressure tube. Tin* reagent (juin' sulpluiri<' 
acid m the ease eiteii) is lu'xl introduee<l 
in tlie saiiH' way and tins s(‘rves to rin*s(‘ 
tlH^ sample out of tin* cup. Tti<‘ liundK' is 
taken from tin* elanip aixl eaiitiously^ 
shaken until the reaction is eoni]ilet<\ and 
is then allow(‘d to stand^i^ilil all trofl^ has 
subsided and until the gas has assuim'd 
atmospheric temperature. In ivading the 
gas voliuiH' allowam-e is niad(‘ for tlie juvid 
of )i<|uid in tin* huretlv hy so pla<-ing the 
tubes that tlie ^mu’cil^^^in h is as miieh 
higher than ^hat in <t as is rc(|uired to hal- 
anc<|thc itpiiid in <r. Tiie^ridativi' sjKa-ilie 
gra\ity of mercury and Ii<|Uid must lx' 
krnoMi for tliis piirpos(‘> If this adpist- 
menf has Ikmui corri'clly mHd«‘tluMmuriii y 
level should not Im; atlected byopi'ning fh(‘ 

Jap to the atmosphere. 

Other mod dicat ions iiitroduci'd li\ 
bur^go' are«siii)wn iti figs. 11^ and IHi. 

These figs, show tlie (ireiner and 
Friedrich tap, \yiich is much to he 
jireferriHl When making conneidions with 
otlnu- apparatus. TIk^ oyp is eliminafej from the types shown in figs. lU 
and 110 as this is not n'ynin'd 4‘\ee])t for tlie introduetioii of li(]tids. 

1 heso Illustrations show fho flask willi an inn<u’ tuhi‘ fused on to its 
bottom, 'riys flask is used in the analvsis of p(‘rmanganat(',s, chlovffle 
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"iDf liuu‘, nivn^ani'siMlioxnif'. eli.-., ;md is rusi*('iu1('iJ i(roni the tap of tlio 
nitn/ilieter aJ slinw/i. The nitrometers use'd for such gas voluinotric 
amilVses an^ host gnPliintiHl m ^ueh manner tlrat llieworo point is about 
a cfmtimetn* helbw the tap. The g»‘neral manpailation is as follows: The 
mercury is a<fiust(M/. to the zero mark, or to l-O c.c.,in'the case of nilro- 



tap is closed, 'I'lie snbstanee to he tested and tiu! re.agenf, if any, are 
plaecal in ttie tlask and llu^ connection madepvith tin* nitrometef as shown. 
The air witliin the. Mask w ill now he sl\glitly c^'inpressed so that it ic nticos- 
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sjirjito iiijiko ino?nciitary*<T>nii(H‘ti()H 4 \vith tin* hy tunim}; tlir • 

tap shown in fi^'.fll4, or-liy rornovin^ tin* key of tin* (iivitirr Jiinl* 

F ri (s (I ri eh tap. * * ' • 

Thn iiKsisnrinj* hurnttv is thnn piai-<*«l in connctQion with lln^ rnj^nni 
flask, the ^(piids^are niix(*tl in the Hask ami as the reaefion prcKManls the 
f(a,s is passed over in^o the hnretle. Tin* pr(*s^ure tnix* is adjusted dnrinj; 
the reaetion to^laintain ai)iy;()xjn)ately atmosphene.pressure witliin tin* ’ 
flask. \V^n*n the i^aenoii is e(nnfl(*l(“ the voluim* .tf moist <«as is rend «)ft 
at atniospln*rie teniperatnre ami pressnn*. Itnnfi^> and S<-limi<lt' 
used tvv(Hnlronn!ter v(^ss(‘!4a.rrtfn^n‘d a^ shown in 117 ami IlK fortlie 
eolleetioit and nnsisurenn'iit of ojfrv s dissoivt'd in wale^*. l lie ilask A is 
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eomjiletely lille<l witli \^,ler; an india-ruhher phi;; w ith *a <-apdlary tulle 
(a) passin;; llirou;;h it is then inserj(‘d in the Ha'-k. aif^ the tube is thereby 
completely tilled with water. 'I'lie whole is iIk'Ii weighed, and lln**di(n*r- 
etiee between this and tin* weight of tin* I'liipty flask and tnb<* ;;i\es tin* 
amount of water taken. 'I'he end ol tin* mpillary tube j^s tln*n cwim'i'tc'il 
to the side trtbe of lli*i nilronie^*r by the tiibi**/;. The nitronn'h'r is then 
eonipletely filled with mercury, and, when the 1ubi‘sare <pii<‘t, Ijn^flask 
and rneasairin;; tn^M* of the nitronn*t(*r iwv. ipiieklv ijilaced in con¬ 
nection without the introduction of the sliehest trace of air. The wafer 
in the flask is tln*n slo•^’ly ln‘a(<‘d to ^loiline Some water as W(*ll as tlie 
dissolved jjases collect in tin* nn'asnrine tnhc of the ndiometer. Th# tula* ^ 
N shouhf he lowered m order that tin* l)oiline may take jilaee under 
• X.u. ('h-m., ISS(i 28, aot). 
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roduml pressure. AfItT hoiliti^ f()r 5 to H' ininu||‘s, tlie stop-coek is 
([ui(^ly turtifd tljroiigh that tlie flask'is jiIju cTI in coniimuiieation 

with the cup B confi^ininj* nierc.urv, and Hic ll^iiuo nu^iovcd. 

Smeo the mercury stands lower in N than in M, it is not^)ossil)lo for 
any loss of gas to take place at tlinmoiiunit of turning tirui tap. It is also 
iiuposftiblc for any or steam to escape through tl^i* niprcury cup, since 
the pressure is inw;tr<l. A small buht'icoitgas air/ays iVniain^ under tiie 
stopper; this is Invnght into M l>y l(^wel•ing the tuhi' N as imieli as pos- 
siblt^, and then tuvitingtiic slop-'cck sothat IlieHask and measuring tnbe 
ar<5 again placinl in eonneidion, and ,\vhen ilie bnbld(‘ has |)assed over, 
(piicklv reversing tin* t:ip again. 

When the whole of'tbe gas is collected Yn the nilronn'Ier, it is con¬ 
nected with a s(‘con<i instrument, OJ^, <|nit<‘ full of mercury. The gas is 
then transtVrred t)y t)Iacing tin* tap in such a ))osition that it is closed in 
all dtw^’tions,and thetul'',M islicatcd bypassmgsbsiru through Hn^tnhe 
U. When it is quite iiot itie lube N is lower<‘d, causing tin' w^‘lt(u• in M 
to ooil, thus ex)»c!ling every i race of dissolved gas. Tin* laps are then 
placed in coniKction and lie gas pass(‘s over. Jt can then be coolcJ, 
measnrt<l, and snbmittiMl to analysis. 

The device introduce!! fortlnM‘limination of tin* calculations mn-essary 
to reduce the ga=( volunn* to normal tempiTatiin* and pressure! lias already 
been explaine<l (p. 024). 'rids is incori)oi-ate<l in the a{)))aratus simwm in 
ng. 119. A'.s the nu'asunng bm-ette ami B tin* <‘om}»ensaling tnbi*. E is 
an external reaction v<‘ssel whidi may be usf*d in pla<'e of the r(‘action 
hask previously (h^scribed. Wlu*u using this vesstd the cajallaiv tulx* a 
IS fille!l w'itli.’iK'ivur', an*‘ wli'lst the vesst*! is b(*ing shaken this mereiiry 
is held in iMwilion i)y the ruliber caii/». The vt‘ss<‘[ E is then ojierated 
just as an ordinary nitnnm'ter, tin. liquids bcj'ig inti'o<luc(Mi through the 
cup r. When tin* rea<'tion is cuiiipieb* tin* gas is tranferred to A for 
meusiin*nn*nt, conin'ctum b(*mg made bclwi'tui tin* two vcssfds by im'ans 
of the l■ubb(':l‘coniK'ction d after n‘moval of tin* cap l>. To (‘Ih'ct the 
*i7ansfe,n*\n'e, tlie lapson E and A are turned, K is raisi'd and (; !ower(*d 
until tin* litpiid in E pist o'liclies tin* tap on A. 

Jt will beobserv(‘<l that with this form of apjiaratus tin* vessels A and 
■ B ivmm! i;ot he reiiioveil <luring an analysis, t’n^y may, therefore I o con- 
\'cniently water-jackctc'd in order to facilitat<^ thi^ regulation of teinpm-a- 
ture. 

In teclinieal wa)rk, when* tiie instruimmt is alvvays used for the same 
purpbse, a further saving in time is (dhxdi'd liy so graduating the measur¬ 
ing burette, that wh(*n Using a fixed quantity of suostance, percentages 
may ICo read off dir(*ctly. In some cases, w'licn makingsiudi graduations 
it is necessary to make allowance for tin ineoinplotenoss of the reaction; 
for instance in the hypobromile determination of urea only 91 per cent, 
of the nitrogen can be mcasnn'd. 

On some luuvttes the weight of a «'erlain gas is marked alongside t!ic 
voluimdric grailnation marks. t 

.lap])‘ introduced a modified niellio<I of lining tlie gas volumeter, by 
means of which, with ordinary 59 c.c. gasliurcites A ainl B (fig. 120), any 

.0 
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•' •I.-.„.v. 1x5, mejisiin'd iin(l(*r sucJi *!on(liiiong that c<iclu 

c.i;. roprcsontfi a of thecas. TlnMiamo “f,n*ivi-S>oIuimd*i'” is 

given to this instridierit lyiil it posseysiis^tlio advan^ige ovi'i’ tlie spej^illy 
graduated 4)uretUw deserilMxl altove, th;|t one iiiwtninuMi* can in; ub*JMl l'#i’ 
different substanwss.^ In using the instninienl, tliat ^oluine of air whieh 
25 e.e, of dry N.T.P. would ocenpy wlum iflfjjisured moist at at- 

inosplierifjfc tem])*r;ttiinb and "pr'‘*ure is iidrodii<*ed into the reguiator 



tube B. Oaleulation is then niad<*, bn* any particular gas to lie measured 
in A, of the volume to^vliich 25 e.o. ^f tin* dry gas at N.T.F. must be 
brouglit so that 1 ear jfiay correspond with I mgm. of the gas. • For 
example, 25 e.e. dry nitrogen at N.T.l*. wiugh O-OtUd gm., thus the re¬ 
quired volume is Jil‘3 e.e. Idns is termed the “gravi-volumetrie valift^” 
Jor nitiOgen anddivision IR-S oiflln^ tube B is permanently marked N.j. 
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.Com's|»)nuini( value# are in liki' nJnniir (letermiiie(l|foi' other gasus’aiHl 
iiiiiiteil on* iie ♦nhe; some values given Ly Japp are: methane 17 !l 
aii^J J and carlion l^io\i(le 4!l'4,^ ^ I 

« Ulien it is dssii'ed to asi'i'i'lajii the weight of a given gas (^mtainod in 
the tnlie A, the reservoir C is acljnsteil so that the merofry in H stands at 
the gravi-voinmetri* *alne of the gas being measured tlnj same time 
A and B are so ]ilai<‘d lhat the ]nei»6r_v*le\els/in ihwe tnl^vs are Ihe 
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olf 20?n'gm. of iilrogen ; smi;e in the luhe B go e.e. of dry air at N.T.B. 
have, been mad(! to oeenpy til-It e.e., ffverv 2it e.e. of dry nitrogen at 
N.TsP; in the tube A oeenpies Jl'tt e.e., Iieeanse Ihe eonditions as regards 
temperature, pi'essme, anil saturation with ai|Ui‘Ous ia))onr a"e the same 
in the two tubes. As shown above, 2b e.e. of dry nilrogon at N.T.P. 
vveigli Jldi mgm., so that an oiiserved volume of .il-tte.e. would represent 
31'l( ingni., or the volume (21) e.e.) otisei'ved in tiiisease I'epi'esenlsSOingm. 
Lunge* ]H'eters to use a larger volume tlian 2b e.e. of dry air as the 
basis of sneh an apparatus. ^ 

' 1S!)2,^J, 3182. 
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Planchon^ {Jscribes^a manonitrometor whfch he inl^odnced for. 
the analysiH of nitmtOH, etc., in order to ovoroome^gi‘it)rH ^iie ( 1 ) te the 
small amount of isubstiir^eo taken in ordinary •itromcter doter^na- 
tion, and (S) to fhe air always e,ontain(|l in a sulphuric#acid solufion«f 
nitrate. The'apparatus consists of a flask fitted \jitli a three-way tap 
which givee co?W«etimi with the atniospliereand/or^v^th a barometer tube 
<hj)ping iiio mercitry lind fifrnisffed with a niovaltie scrale. A known 
weight of the substartee*(say 2‘5 gm. nitroeoyon (/bgin.of nitrating 
acid) and fixed volumes ofosulpliuric rft-fd and meiyyry are }»la<'ed in tln' 
flask, wMeh is then exhausted bjoi water juiinp. Tli^'scale is a<ljuste<l 
so that th(v tner^iiry in tin* Jjarometer tube^stainU at zoi’o, and the flask is 
then shake'll vio]«*ntIy until the ('volulion of gas** coni[il(‘l<‘, as indicated 
by a constant reaxiing an the baroniet(‘r t ulic. • '1 >c ternpm’atlire is not<»l 
by imnu'rsing liie lla>k in \\:iti‘r, and the N' diiin*'<)f g;fs evolved *18 cab 
culatial Ironi the observi'd tmuitiM-atiiretai^J mid €*ir: known 

i'aj'aeity of tb(‘ (lask aiTd Itaronn^ter tube. , 

Tlie foyowing are sonn* of tke eannnoner anaivses which an* carrieil 
iftn III the forms of apparatus just described •*- * 

I. Determination of Nitrogen Acids. it was for ti» analvhis of 
nitrons vitriol, otc., that the original biingi- nitromefen-was dosigneiL 
I bis d(‘termmal Ion is basod upon jIn' followiiig roactions witli nn'roiiry and 
siilj)hnri(*acid — 


211 X 0 ,, + 21 lg 4 ThSO^ 2 lV,o + |fg„^ 0 , -s ITXO 

, 211 X 0,4 (dig + :di,s(), - 4 iid) i ;dig,,so, h 2 x 0 . 

According to the strength of tin' niti-oii^vitiijol, to ;V*^c.c. arc' takim 
witli about (> c.c. of pun' com-entrati-d suijibnric acid. 'Pin' nitronu'ter 
must be \v»'ll shaken t(# msurc' reaction witli die mmvurv. All tin' 
nitrogi'u in Du' nitivigen acids is evij\ed and measured as iiitw* o\i(h‘, 

'I’he jiroci'ss is roadilv applh-aiile to the analysis of nitrales, nitro- 
glycerol, nitriK-i'IInlosi'. elc., siicli a. weight of siilistnnei' Ix'ing takimin 
eoncentraled solution^^ will givt' a volume of lulric b\ide approjiriaT?!^ 
the nitrometer fn iisc* ^'ach c.c. of XO mcasnri'd a.tTf’(!. and 7(10 mm. 
pressure dry weighs l-o402 mgm. * 

® Tlie e(iuivalcftt wi'igbl ol N., is 0-()2(; mgm.% " " " * 

- % .. Xd», .. 1OOH ,, , 

N.,()., 2-412 „ 

11X0,., 2-814 „ * 

NmNO, „ 3-7'.H» * 

KNO, „ 4-.M(; 


‘A Nitrojfenti 'I’Ik* inav l«' iisi4l lor flii.'imviMU'cnK'iil of 

nitrogen in the analvsis of organn-subslanci's by D u m a s’nn'ihod. Kaeh 
c.c. ol nitrog(*n m^asuri'd a,I O'tb ainl 7tiO mm. jni'ssure dry w*eigbs 
I-2r)07mgfn. • 

d. Ammonia Saits. jr-Kor the detei|^nination of ammonia by the by))o- 
bromite mt'tliod, tlie ri'ui^tion flask shown in (ig. I In is employial. ^Iioiit 
0*25 gin. ot the solid siibstaiici' (or an <'(|ni\alent df solution) is placed in * 
the flask ^ind about 10 c.c. of sodium hypobromiti* s<*bdion an' placi'J in 

' Aiiiipffiiiii. pll'i, 20. 
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,tho intn'i* tuln?. Tlu'* hypohromito ^solution \h froKh^ proparod l)y dis- 

Kolviipi 2-5 e.(ti of (>roniine in 25 o.r. of 30 per c-eut. NaOH Rolntion. The 
fiasli^is gently shakonVo oonipleto^ tlio evolution pf nitrogen ; it is found in 
that only 97’5 per t ent. the nitrogen is ovolvott so ttat for pur- 
post's of ealtoilation (‘nch c.e. of nitrogen measured is taften as equivalent 
to 1-283 mgm. Na or K»51) mgm. NHn. 

4 Urea is Minilarly (let»‘rmine«l, hnk fn fiiis caAi o»]/91*5 cent. Of 
the nitrogen iso\ol\*yl. Allowing for tiiis eorreOtioi., each e.e. of nitrogen 
measured reprCR(‘nt4 :^'929 ingni.Hwrea. ^ ^ ' 

5. Carbonates a/(‘ dcdermiiiMV v*eeoin})osition with aeid in the re- 
a(!tion flask. Ea(;h e.e. of (’0. measured iit ifO. and 7G0 nun. pressure 
dry reju'esonls 1-977 nigdi. * 

, 0. Permanganates,/-tc'- Forthe determination of available oxygon, an 
acid solution of p(‘rmanganat{‘ is treated with excess of liydrogen peroxide 
ii] tlie rft^' -tion tiask. E.lt-li (‘,e. of oxygen measured reprcisents 0-7145 
mgm. available o\\g(‘u ii/‘*t]H‘. permanganate. 'Manganesi' jlioxide in 
ores may lie similarly debM-ininiMl if thep-arbonates iwo first <leeomposed 
by diint(‘ arid. Vlai-h e.e. nt (b ineasunMl reprc’senls 3-882 mgm. MnO.j.* 
7. Hj^drojiren Peroxide may lie delei-mined by treatment willi excess 
of acidified [lermjmganate solution. Eaeli e.<-. of (b im'asured represents 
1-520 mgm. JIjOj. 

,, 8. Bleaching Powder.- -The axailable ehloi-ine in bleaching jiowder, 

ete., may be*<le>ermined by reai-bon with hydrogen peroxide. Ea<-h e.e. 
of O., measured represef.tstMO? mgm. available chlorine. In order to avoiil. 
the confusion w'liieh has erejit into certain text-books it sliould be noted 
that by '■ available ehliVini'*#’ is faeant tlu' total (rontaineil in( 'ti (0 (II)CI, 
or the ehlorme e<juivalent,)if the oxygen available for oxidation.' 


1 „,h/ Mfl k'lnffi'rr, nn/, 1920, 23, 1001. 
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veiglitol gas + weight of water vapour) contained 
C. aiitl a total pre''Siire 7<>0 nitii. are to lie l aleiilalcil 

pressuu-of thuyas is 7*>0 igni. ol mereury, 

- following signilu ance W i n k 1 e r drawsa ilistino,- 
anue of tl^ gas (r»siu#i''l to 0” (t and 760 lum ) which 
ir prejwnreof water) is 760 umi. 'I lie coellUnent of 
sr) when the pressure of tli« gas il'ielf is 760 iimi 
I'alue when the solvent evapor^ti's into an (*lier\\He 


in. by the gaaeontaiued in unit volatile''/ Hu- K>.lnli»n. 
‘Oifietl. - • 
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*3 

1-U19424V 

f.)51 ( 


1 - 0377495 ! 

0*01C‘ 0925 

•4 

•0014000 

t>30i 

1 

l*019T>nO! 

5112 

•4 j 1-0381100 

2459 


7951 

5*5 

1*02(J1575' 

0072 J 

10*5+-03K482,5 

' 3992 


9510 

' *0 

I*02(y2l0i 

8232 1 

•O'l 0388490 

5524 

■1 

1-0025055! O-OOl 1128 

*7 

*020119051 

9791 

•7 

1-03921.55 

70.50 

•H 

IWJ3201 

27 rs 

•H 

l-U-il'i:570, 0*009 1350 

•8ll-039582() 

8588 

•y 

l*0032yH5;_ 

4302 

5-;> 

1*0210235; 

2909 

10-9; 1-0899485 

0-017 0118 

1-0 

1*0030050. 0*001 5888 

o'o 

i'02l9900 0*009 4400 

U-oll-0403150 

0-017 1048 

•1!1-0040315, 

7473 

•1 

1-0223505| 

0024 

•i:i-0400815 

3178 

•iiil-0043y80! 

9058 

•2 

l*lt22723u! 

'7580 

■ •2;i-0410480 

* I'Jos ' 

•31-004704510-00*2 0043 

•3 

1*0230395 

9130 

•3 1-0414145 

0180 j 

•4;l-00513l0 

2227 

*4 

1*0234560; 0*010 0092 

•4:1-0417810 

7704 

1-511-005497D 

3810 

0*5 

1*0238225 

2247 

n-6 1-0421475 

9292 j 

•Gil 0058G4(' 

5393 

•6 

l-02ilH90 

3801 

•(;'1-0425140 

0-018 0819 1 

•7'1*0002305 

0974 

•7 

1-0245555 

5355 

-7:1-0428805 

. 2840 , 

•H 

Z 0005970 

_ 8550 

•8 

1*0249^20, 

0908 

•fli 1-0482470 

3871 - 

1-y 

1 -ooegGsai o-ooa o;.« 

^0*9 

1*0252885: 

8461 

ll-9|l-O480135 

5397 1 

2-0 

I-OOTHOT! 0-(X)8 1718 

' 7*0 

1*0250550.0-011 0013 

12-0jl-0439H00 

0-018 0-J22 1 

•1 

10070905 

, 3298 

•1 

1*026^215i 

1565 

-1:1-0443405 

8440 1 

•2 

1*0080030 

4877 

' *2 

1*0203880' 

3116 

-2:1-0447130 

9970 1 

•3 

1*0084295 

0455 

•H 

L-02G7545 

4000 

•3;i-045079r) 

0*019 1493 , 

•4 

1*00879(W 

8033 

•4 

1*0271210; 

0210 

' •4;i-045440O 

3010 

2-5 

1*0091025 

9011 

7*5 

1*0274875: 

7765 

12 -r, 

1-045812.5 

4638 

•Gil*00‘)52‘J0i 0-004 1188 

•0 

l-027854(y 

93 U 

•Gj 1-0401790 

OOIK) 

■1 

1 *0098955 

2704 

'7 

1 *0282205: 0*012 0803 

• 7 ! 1-0465455 

7581 


l-0fb2020 

4310 

•8 

1*0285870; 

2410 

•8il-040912(. 

9102 

1 

' 2-y 

1*0100285 

5'JIO 

7*9 

1*0289535! 

3957 

12 -;. 

1-0472735 

0*020 0022 

3*0 

1-0109150 

0*004 7490 

8*( 

1 * 0293200 ! 0*012 5504 

13-o!i-04704.50 

0-020 2141 i 

;l 

1*0113015 

9W>4 

•1 

1-0290805 

7050 

, •i;i-04BOU5 

sqoo ' 

, 2 

1*0117280 

,0*005 0038 

•2 

1-0300530 

8596 

•211-0488780: .5179 


1 0120946 

2211 

•3 

1.0304195'0-013 0141 

,-)!!i-048744.5: 6697 

•4 

l'01240i0 

3783 

*4 

1-0307800 

1685 

’•lll-0491110| 8214 

3*5 

110128275: ' 5355 

8'5 

1-0311525 

3229 

13-rj 

1-049477.5' 9731 j 

'( 

i-oiB-iyiu 

0926 

•0 

1 0315190 

4772 

•1 

1-0498440! 0-021 1248 

! -7 

l'0135ti06j 8497 

‘7 

1-0318855 

6315 

•7 

1-0.502105 

2764 

1 -8 

I’Oisyyjo; 0 006 oo67 

*h 

1-0322520 

7857 

•8 

1 -0505770 

42*^? 

1 3*1, 

1*0142935 

•1636 

8*9 

1 0320185 

9399 

13*9 

1 0509405! aV94 ( 

4‘0 

rpuoooo 

o-ooe 3203 

9*0 

|1.0329860i 0-014 0940 

14-0 

l-0.51810o! 0-021 7808 ! 

*1 

FuVj02G5 

4774 

♦1 

!i-0;133516 

2481 

•lil-0.^6765 

1 882ii j 

•2 

1*0153930 

‘ 0342 


11-0337180 

4021 

■2|l-0520430! 0*092 U335 

*3 

1*0157695 

7909 


11-0310840 

5500 

•3|l-0524095i 1848 

•4 

1*0101200 

9476 

•4! 1-0344510 

7099 

•4 

1-0527764 

33l)U 

.4’5 

1-0104925 

0 007 1042 

9*f 

1-0348175 

8638 

'l4-E 

1-053142.' 

4871 


1*0108590 

2607 

’ -t 

1-0361840 

0-015 0175 

•t 

l-053509( 

0382 


1-/1172255 

4)72 

*'’ 

l-OOSSSOS 

1713 


l-053b75£ 

« 7893 


1*0176920 

6737 

•1 

L-0359170 

325(t 


l-054ei2( 

9403 

4-i 

1-0179585 

7301 

9*‘ 

1-0362835 

4780 

’i4‘l 

1-064609 

) 0*023 0W)3 


60« 



TABI.H III 

TaIjLE for Co^ectlon offYolumes of ^ ' 


•1 +5/. ;Jx)K. (1+50- 


1-054!»750 
l*05534l5 
lW70H(?f c 
I •0^0746% 
1-0504410 


1*050807.'] 

l*f?571740| 

l*0575405i 

1-087U070® 


0*023 2422 
8080 
5488 
0i!4G 
^4.5^ 
0950 
0*024 1405 
2970 


4475 

15-9jl*0582785j 5979 

10*011 *0.58040010*024 7488 


1-0.590005; H9H0 
1*0598780'0*025 0489 
411*0597895; 15^91 

■4l*00()l()0(); y49:-i 

ir)*^l*0A04725! 4994 

01*0()08890i 0490 

7|1*0012055| 79<)5 

■8:1*0015720 9490 

10-9;1*001938.5; 0*020 0994 
i7*0jl*yo28050[ 0*020 2492 
*l|l*0020715; 
*24*0080880 5488 

*8,1-0084045 0985 

• 4 ; 1-0087710' 8482 


<■ 849« 

•6447 
7921 
« 9899 


•lil*0778815! 

'2U-07709801 
8|1*0780045: 
4!l-O7H48J0i 
|2r5;i’t)787975l 

•O!l-07910’40l 0*088 0874 
•7'1*0795305| 2849 

■8i 1 07989701 3823 

21*9:i-08026.8.5‘ 5298 

|22'U;i-08008004H)33 0771 
1 1*0809965;. 8248 


17*5| 

-01 

*7| 

•sj 

17 *91 
18*0| 
•II 
*21 
• 3 ' 

► *4 
18*5 
•0 
•7 
*8 
18*9 
!19*0 
1 

14'2 
•3 
•4 
,19*5 
•6 
•7 
•8 
19 9 


1 0041875' 9978 

1*004.5040,0*027 1478 
1*0648705’ •.> 9 (}h^ 


1 *0052870 
1 *005t>085 
1 *0059700 
l-06088()5 
100G708e 
1*0070095 
1*0674800 
1-0078025 
1*0081090 
|1*0685355 
1*0689020 
1*0692686 
!1'0090850 
1*0700015 
1-0708080 
1*0707.845 
;1‘0711010 
1*0^14075 


4402 
5950 
0*027 7450 
8i48 
0*028 ^15 
1927 
8U(i 
4909 
04^0 
7889 

9:479 

0 029 0808 
0*029 2856 
3844 
•5381 
681H 
8804 


9790 

1*0718.84010 080 1275 


1 07220051 
■i*0726670| 
I 0729336' 


^roo 

4244' 

5728 


1-1- 5^ 


(1 -i.5/). 


|20*0 

■1 

■2 

'•81 


07300(^0*0:80 7211 


1*0730005 

1*07403:80 

1*0514:8995 


•4:1-0747600| 


8094 
0*031 0170 
1658 


81:89 

|20*5'l-07.5i:82|l- 4(?20 

‘ •0jl-0764999i ClOO 
•7ll-07f;fl6.55! ^ 7.580 

^ •8|l*0702:820| f' 90;)‘( 
20*9!l-()7()5iW5| 0^82 0581? 
|2l*0i I-07090.50' ()»);82 *?01G< 


l*0Hi;{6:80; 


97l.'ir’ 


-.8,1-081729,5:0*0:84 1186 


•■14*08209601 
:2*.5:1 •0824025! 
'0l-OK2s^9O: 
•7[1-()8819.5,5! 
•«|l 08:-ff»020, 
52 9 :1-088928, 


o*o; 8 .' 


2658, 
4129 
SfjOH 
70G!» 
H5H8 
. 0006 


J8-0I1-0H4-29.5O1 0*085 1475 
•1 1*08-U;01,5| 2942 

*2il-08.50280; 4400 

•3j 1-085.8945 5H70 

■4 l-0857010j 7842 

!3*51*0861275' 8808 

•0 l*08G49.K)iO-0:lO 0278 
•7 1 WiROlVij 17:88 
•M-08722701 8*202 

|23*9 1*0875935! 4006 

|24*0 1*08796001 0*0.80 0129 
■1 1*0883205 7592 

2 l*0B809:-{0 7)054 

8 1*0890595 0*037 0517 
■4 1*0894200 1978 

24*5^’0897925i 34:88 

•6 1*0901.590; 4899 

•7|l*a)052*.5i 0359 

•h'1*0908920| 7617 

•«j|l*09125H5j 9277*1 


ifl-S/. I fx.-i. g j.8/) 




25’0 J-0UlG250i 0-O«8%34 
o -1 l-OUWniftj 

’ -,'3)l-0923r>a0! 

■3 l-(»2724Sj 
% l-OD.’KWlol 
-'0-5 1 ■0934576 


■G 1 ■09382401 


2192 

3050 

51(17 

G5(i3 

sour 

9474 


•■p'MlOllOOSiO OSO 0929 
■!*MW45570j 2384 

•91^0949235i 3838 

2G-0 I 0952',HK)! 0-089 5891 
■1 ^■()95(,5G6: • G745 

•21^09fW()l ai97 
■I 1 0993895, 9649 

•■1 (■('/JG750O| 0-049 1101 
2C-5*-097l225j 2651 

■Gl-0974890f 4002 

•7 1-0'.B8565 5452 

•■3 J 0982220!“ G901 

■9il-0986885j 8351 

27'0jl-0989550j 0-04(t^00 
•1IW*IT3215! 0-041 1247 


27' 


l-0990880( 
I-IOOCSI:' 
Mj04210 
1-I0(J7876 
M011540 
•■7'1-10I5 l'05 
•8 ll-1018870 
•9|l •10225:15 


28-01 

•■1 

•41 

■:8| 


2695 
4143 
5589 
7(530 
8481 
9920 
0*042 1371 
2815 

1 •1020200! 0*^2 4^9 
M02UHf,5: 5^^ 

l*103::i5:M); 7145 


J *10:^71951 
1 *10408001 
2H-5!|-loJ4525 
'Oil* 10481901 
711*10518551 


•3 

•4 

29*5 

•0 

*7 

•8 

•9 

.80*0 


MC«5520 

1*105')185 

1*1002850 

V10665f5 

1-1070180 

1-1073K45 

1*1077510 

,1*Wj7.5 

1*1084840 

1*1088505 

1*1092170 

M09.58.J5 

1*1099500 


8587 
0*048 oqj>9 
1471 
i»ll 
4552 
, #6792 
^ 7231 

0*043 8671 
0*044 0109 
1640 
,^85 
• •1122 

5858 
7295 
8730 
0*(545 016^ 
1000 


0*04^,« 


,8035 


007 






BaROME_?PR—INCHES OF MEF.CUKY. 


rfl'ABLE 

• (ias Volume 

The numhers of this table gi\^5 the volume^ of gas saturate<J. with water vapour at different 
30 inchei. of mercury. They are eaiculatetl, from the formula V - ^ 

„ '» * at t\ w;(t I tha-tcmperaturo on 




Koiil-OlS 1-023 ii-TA X w,o,, .. 

fe-ai-OH l-Ul'J‘l-024 l 0‘M!l-0:i:;i-()Ml-0h)'l*054 1 057 
E3‘3|l-0lH-()151 020,)-0:25 l-0:«)|l*(>H-,l-O10!l-(l45;i-()r,O I 058 
- .■ Vo;Uil -080 1-042ll-047 l-04‘' 


mu 1 -007 1 -012 1 -017 i -021 ‘ I -0 J 

r^. ; I 


TK.Ml’KU.VrUhK-l'AHH, 

40” 42^ ii". 46 . . 4d‘’ 


bS oil-022 i 02h I-081^086; I-OH 


28-5 l-003!l O0Hil-O18;l-()lM l-028 l 
28-6 1-000-1-005 1-000;^1-014 1-OU) 
28’7 -ooiiii-Ooi I’-'OC I-OII 1 oir. 
28-^ -OO;-)! iO«J7,l-002.1-007 1-012 
‘<MJ' -O'U' -900 1-004 l-00.8|i 


b9-G 

^•2 

^•3 


6-t'c 

|29’S 


30(1 

30? 

30i 

30*3 

30S 


bO‘5 


mp\ 


50 . ' 52^. i 84; 58‘. 

i ' ■ ■ : - 

|l I).#,'!l-05l'l 057il-0021-0(;. 

11 -04^ 1 -048,1 -058] I -OfiH 1 -UC) 1 


■9H0' -O'Jl 
■98:i, -1)87 
•979' -984 
•970 -980 
•972' -977 


•oCA'i- 000 )-oor 

•992 -997^001 

•988 -993' 

•<:15 -990 '9941 
9H2' •98(‘)i -991' 


■\ I -UG? |l '0701 '073ji •07G( 1-075| 

i-oo8ii-or.n 

1-Olio'!-002 

l-05r>! 1-059 

l-U62'l-055 


■0-28:l'U88;i*09<' 
il 4)244-029'1-0:141 

1 •02011-025!]-080; 

|l-0l7'l-022n-027 
•0!8’l-0J8 1-02:: 


1 048 1-Olh 
I 0:19 1-042 
10:101-0:18|1 
10821-0:8; 
:3'l-02H,l 0:.ll 


1-04K|1-051!1-054 
'l-045; 1-047 I *0501 
041'1-044 
l-u:57;l-OlO 
l-U:8n-08(J 


1 


I OK) r-015!l-02o!l-Oi5 l-O; 

1-OOH 1-01 l|l-0K‘.jl (l2lll-0-24| 

•99K|i-oO.Vl-OOs| 

■>)9'8 l-004i 


•9091 -974 
•9GI> -9701 
•9C5;81 -907 
•959] •9«’4 
•950! -9601 


•98k| 


•978 •ft8:8 
•975' -980! -9841 
•972 •97<)| •9-tl 
•9f.8' -978; -9781 
•905 ‘-970' -9741 


•958' 

•950 

•940 

•948: 

'D40‘- 


•9j7 

• 954 I 

•951' 

•9481 

• 945 ! 


' 902 ; -900 -971 
•95'ii -908, -908 
• 955 ' -900 -9041 
•952; -957 -961 
•949; - 95:1 -OSRl 


•937 


-984 


30-a -9281 
30*91 •9251 




•941 

•9381 

•935 

• 9:12 

•929 


•94f:-'- -9501 -9551 *9591 


l-0i:ill-01H,l-020ll 
|l-009ll-014 1-01' 
■9901 (K)l|l-(X)0|l-Un l-0i:8|l 


•992' •9974-00211 •(K)7 l-0l()|l 
- 994 ' -999tl 001 I (KM' 

•98(> -990, •9'.)5l|-(H)0,l-(K):l|l 

•982 987 - 992 ! -997 •9‘. 
•979 -984 -988! -oo:-) 'tb'/l 


•970' 

•972; 

•969! 

•900; 

•903' 

1 


•oso; -985 
•977, -982 


1 


•943 -O-f?-; -952 
•940' -9441 -949 
9 ;^ -941' -945 
•9:43; •9;iH| -942 


m-d •9221 •9261 •9:30 -939 


•904! -9091 
•9011 -960 
•958 -9621 
• 955 ! •959, 
•9511 •‘>501 


•990i 

•9871 

•98:ii 

•080 


58'. 1 89''. 1 60". fcl°. I 62'-’, 


l-()0!)!l-072|l-071| 

l-()05'!-00H!107r 

i-001'l-064ll-007| 

1-057 l-OOO! 1-008 


i 


L-040 

1-048 

1-039 


I 


•:-05G 
1 05:3 


l-()59 

055 


1-048 


1-042 l-()44 


l-0:l0l013 1-035!l-038 l 
1-0-hl:l-029 l-0:32ll-034 
, 028,l'0-20 1-0-28jl-08l I 
l-0!9'l-022 1-024;1*027 
OlOl-OlH 1-021 1 023 


0411 

1-037| 

■038 

l-03d 

1-020 


012,1 ()l.5;i-017 
1-(K)9 l-()ll:l-014 

(H)5'l-()08il-()10l 

'.i|l ()(“2'l-004il-007' 
998l,'00Iii-008| 


1-020 
I -010 
I-013 
1-009 
l-OOO 


, 1 - 02:3 

il*OIO 

|l-010 

1-012 

1-009 


•992 

•!W5 


l-OO!) 1-003 1-005 

•yK! 

•992 

•994 

-iW7| -9'J9il-C02 

•980 

•988 

•991 

• 99 : 1 ; -9901 *998 

•9H2 

•985 

•987 

■ 990 ; *9921 -995 

•971 

•982 

•984 

•987^ -989 -992 


•974 

•970| 

•907 

• 904 ' 

•!)01 


■97c) 

•97:31 

•970^ 

•DOO) 

•903 


1 


-r 


• 944 : -9481 -9531 -958 

! I 1 


•!)7S|,, -9811 
•975! ’*978' 
•972j *974 
:)0<)| -971 
•9(>0| -9081 


■9021 -9051 *067. 


•983j -9801 
•980! -983 
•977| -979 
•974| -970 
•970! 973 


•988 

•9H5 

•982 

•979 

•975 


•970 


•972 


008 - 






































IV. 

Factors. 


tomperatures and press'iin'.s o,-.r|ospouding to nn?t volume of^turated gas at 60'^Fahr. and 

• * ^ ^ # 

the volume, h tho^re^^urc of tlio gas in inohcs^f inorcmry, a th/vapour pressure of water 

the Fahrenheiksealo? • ** . t • 


^TEM[‘KIUT(JIM<:-VAillt 
63'’. : 64^ ' 83''. I 68°. i 67°. 

^ -j IV 


i-OMm-084 i -ODO;! -n'Mili 'losji -n,-. 

l-()77l 1-080'l-OH.i l-OHO'rOHU 1-025']-flM l-104|]‘in 
l-074il-07ei-U7'Jl-0S2 1-UH5 L-0H8jl-O'H I) *1()(>;-1{)7 
l-070il-072 1-0751-078 1-081 i-0H4ll-087,1-(IIU i-UOIj I-ICft 
l-OOGIl-OliO 1-071 1-07-1 1-077 I •()8():]-os:!'!-(>0 1 OlVM-()!)-• 
. I . 


•077 -OSOI •98i?i ’OBrJ 


l*0l01-015;i-«il l-028il'034 
















































BAROMETER—INCHFfS OF MERCURY. 


TABLE 


Log:arlt^m<! of (ias Volame Factors, b^ing 



(UO 






























BAROMETER—INCHES OF MERCURY. 


V. 


the fcoKarithgis of’lhe Numberts hi,Table IV. 



1 THBRHOMHTRR-FAHK. 


' . 


1 • 

! 


, 





83°. 

• 64°. 

1 

■ 68°. 

66°. 

^7°. 


, 68*. 

1 

70°. 

1 *. 

. 72°. 

, -/IS. 

76‘. 

: 78° 

80°. 

82°. 

1 84°. 

2S'0 

■03:w 

r' 

! •0351 

le 

•0374 

*0386 

•039J 

•041(1 

•^22 •0447# 047 

* 

•0497 

•0523 -0550 

■05771 -0605 

2Si 

•0324 

! •03.35 

•0347 

•03S}i 

•0371 

•0382 -0.394 

¥406, -0431 04.5 

•0481 -0507 0.53* 

■0.561 -0589 

28-2 

•0:«)K 

! •0319 

•0331 

iHIXfK 

•035 

•0:i66 -0378 

i^390j J415 -044' 

•0465 

•0491 -asii 

•0545: -0572 

28-3 

•029-2 

' -0304 

i •OS IS 

•0327 

•0331 


k375l 0399. -04^ 

•0441 

•0475 -0.502 

•05? 

. -05.56 
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^■02.56 
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•0509 
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•0253 
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•0271 
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•0386 

•0412 -0435 

•0461 
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28-8 

-0215 
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•0249 
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1 -0346 
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•0451 
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•0211 



•0245 
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•0-281 
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29-0 

•0184 

•019.5 
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iPf 
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29-1 
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•0180 

•0191 

•0203 

•0215 

•02-26 

•0238 

•02.5( 

0275 

•029*: 

•03'24 

•03.50 -0.376 

*04o: 

RfWj 

29-2 

•01534 

•0165 

•0176 

•0188 
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02-23 

02:45 

•0259 
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•oha 
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•0196 


■0244 

•026f 
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1o72 
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29-4 
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•0135 

•0146 

•01.58 

•0169 

-0181 

•0193 

m 

•0-229 

^•0254 
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29-8 
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•0142 
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0093 
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• 
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00:46 

BJW 

•00851 

-0110 
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•0147 
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99(W 1 
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•0056 
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• 
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•0133 
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31-0 

1 

•9889 ! 

•99W 1 
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9969li 9993 
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TABLE VI. 


Table'of Hardness, Parts In 160,000.' 


I 


Volume 

(’aCOa 

V.ilume 

CaCO;, 

VoliviiO) 

CaCCj 

ijfiiimf 
<n Soap 

c.af;o, 

ot Soap 

|HT 

(t Soap 

per 

ol 'Snap 

l0i|oO3- 

- iKr [ 

Solution. 

10(1,000. 
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100,000. 
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' *#/> 


. 
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16 ■ 

- - 

“ -- 1 
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' 0 r. 
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e.o. 
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, l()-80 

t2-0 ' 

M0*43 

_ 


r* 


1 

•45 

1 1 

•30 ' 


- 

0 

< jo 

2 

•00 

2 

•75 1 



'' 8, 

.5I!k) 

8 

•75 

8 ' 

•00 1 

_ 

_ 

4 • 

•il 

4 

•00 

4 , 

17-00 i 

1 — 

r 

5' 

* ^0 

5 

11-()5 

5 

•22 i 


— 

6 

•48 
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•20 

0 

•38 : 

()-7 

•00 

7 

‘•57 

7 

•85 
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. i 
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•1(> 

8 

0 *71 

H 

•50 
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•70 1 
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■ •.ll' 

0 

•80 

0 

•05 

0 
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l-O 

•1?! 

5-0 

00 

0 0 

•HO 

18-0 
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1 

•Ci.-l 

1 

•14 

1 

•95 

1 
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2 

•7!) 


■20 

2 

12 11 

2 

•88 . 

4 

•05 

8 

•48 

8 
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8 

, -lo 
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1 

•5'J 

4 

■41 

4 

•05 ' 

5 

•27 


•71 

5 

•50 

5 

•81 1 

6 

•4:4 

C. 

•80 

0 

•71 

li 
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7 

•50 

7 
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7 

•80 

7 

19-18 

. H 


n 

<14 

8 
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8 

•29 

1) 

•HJ 

'•> . 

•20 

0 

•10 

0 

•14 

, ^-0 


6-0 

•48 

10-0 

^ -81 
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•00 

1 


. 1 

•57 

. 1 

•40 

1 

•70 

; 2 

•21 

2 

•71 

2 

•61 

2 
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8 

•80 

8 

•76 

8 
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V 4/ 

•47 

4 
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4 

•01 

4 

•24 

t ' 5 

‘ -(-.o 


•11 

5 

ll-tG 

5 

•40 

t; 

•7.-1 

^ i; 

•20 

0 

*^21 

.» 0 

•60 

i ^ ' 

•80 

7 

48 

7 

•87 

7 ■ 

71 

1 c ^ 

•00 

H 

•57 

8 

-52 

8 

•87 

! 


0 

•71 

0 

^ -68 

0 

21%8 

, V 3-0 

•25 

7-0 

•HI) 

11-0 

•84 

15-0 

•19 

1 

■88 

1 

O'OO 

1 

ii;-oo 

1 

•85 

2 

•51 

2 

•n 

2 

•10 

2 

•51 

' :l' 

■04 

8 

-20 

8 

•82 

8 

•08 

4 

•77 

4 

•18 

4 

•48 

^ 4 

•85 

5 

^ -00 

5 

•57 

5 

•03 

5 

22-02 

4> 

4-08 

(; 

■71 

0 

•70 

0 

•18 

7 

•10 

- 7 

•80 


•0., 

• 7 

•35 

K 

•20 

8 

lO-(K) 

8 

10-11 

B 

•52 


■48 

7-0 

j -15 

n-o 

•27 

0 

•00 

1 




- 

— 

16-0 

•80 


fi12 






TiBLE ffl. 

Ox^g:en dissolved by Distilletf Watjr. C. 

(Roscoe and Luiit).* * 


Temp. '^C. 

e.u# Oxygen« 
N.T.P. 

% • 

Did. tor 

0 C. 

Teiiij). '’C, • 

ii.e. 0.^'eu 

. It.T.lb'" 

#' 

•Did tor 

0-^ ^ 

ptT litre A^. 

• 

b^icr litre A(| 

“ 5-0 • 

• 8-68 


18'0 

f)-.74 

6*5 ^ 

• 8‘58 . 

0-10 ^ 

f 18-5 

i-47 

0-07 

6-0 ^ 


o-oo 

lO-O e 

,6*40 

()-06 , 

O-fT 

•• 8-40 

• (kOO 

19-0 

6*84 

0*06 

7-ff 

‘*8-31 . 

()•* 

20-0 

• 6-28 

0-06 

1 . 7-.8 

S-dl! 

0-09 

20-5 , 

6-22 

()'06 

1 8-0 

8-13 

0-00 

; 21-0 

(;-16 

O-OG* • 

»0 

H-04 * 

\)W • 

21-5 

• 6-10 

0-06 

1 981 


o-oir 

• 22-0 

(>•04 

()-or> 

; 

7-86 j 

o-oo 

''22-.'> 

rrO'J 

O’OO 

! 10-0 

7-77 

O’OO 


5-94 

0-05 

1 10*5 

7-OH 

0-08 

>■ 28-; , 

' f)-89 

0‘05 

’ 11-0 

7-60 

0-08 

♦ 24-0 ^ 

• ;r8l 

» 0-04 

11-5 

7-52 

0-08 

.21-5 • 

S-HO 

0*04 

• 12-0 

7-44. 

0-08 

• 2>'() • 

.7-7fi • 

0-0* 

12-5 

7-:«; 

0-08 

20-6 

5-72 

0^)4 

• i:v.O 

7-28 

0*08 

2(60 


0 04 

l:h5 

• 7-20 

0-08 

. 2rt-5 

• •64 

0-04 

II-O 

7-12 

0-08 

27-0 

.7-60 

• 0-03 

- M-5 

7-04 

0-08 

27-'-‘) 

6-57 

, 0‘08 

15-0 

6-n(> 

0-08 

28-0 

0-54 

0-03 • 

15-5 

6-80 

0-07 

28-5 

5-51 

0 03 

lf;'0 

(>•82 

()-()7 

‘20-() 

5-18 

0-03. 

16Tj 

()-7.V' 

0-07 

• 29-5 


O-D? 

17-0 

6-l)8 

0-07 

;.K)-o • 

5-13 


.17-5 

6*61 

(M)l 

" 




In this table the results arc caleiilatedTor afratftin at an haromytrie 

pressuie of 760 nun. When tlie oi).s<!rved pressing; n lu’loio 7(>0 iiiin. the value 
must bo suhiracti’d tor 'V^y 10 mm. dtif. The same value must ho added wlien 
tlie prfts.sure is rt6<)W 760 mm. , « • 


TABl.K VIIl. 

Amounts of Olss<)|ved Oxygen in Distilled Water from 

( “w (Bar. 760 inm.)= • ” 


' Teiupeiciture 

O.Wgeii 

Tejiijier.iture 

O.vygcii 

" U. 

(bafts pel 100,000). 

<;. 

(bertMiiiT 100,(Xtl). 

0 

1-42 

1C t 

0-98 • 

1 

1-89 

17 

O'OC 

2 

1*36 

18 

. 0-94 

3 

1-32 

19 . 

<fl>2 

4 • 

1-28 

20 

0-90 

5 

1*24 

21 

» 0-88 

d* « 

1-22 

• 22 ' 

0-S7 

7 

i-ft 

23 *. 

* o-ao 

8 

1-17 

24 


9 • 

1-14 

25 

* 0*82 

'10 

1-A 

20 

0‘8l 

n 

• I’OJ 

27 

080 

12 

. 1'07 • 

28 

0-80 

13 

'• 1-04 

29 

0-W • 

14 

D02 

80' 

0-78 

.«5 

100 

_.. 

“ • 


*•/. <5. 4, 1889, 832. * • 

'■*Calculate!! trom Koscijo and Lun t’a table from 5’-80“C. and fromddter- 
miaatious by W i n k 1 e r ’ tfprocesa for the values given for 0”^ to 4“ C. 

• , • «13 
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The above Table will enable the weight of dissolved oxygen per 300,000 0 c. water to be c:>nverted into percent, of saturation under the con¬ 
ditions of teipperature and salinity steted. The salinity is given at the head of each column expressed in parts chlorine per 1000. 







TABI.H X. 


ReiTiictign of Cybic Centimetoes of Nitrogen,<to Grammes? 
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• 0*0. 

• • 

01. 

« 

li. 


*01 

• 

0*5. 

if-6. 

0-7. 

. 

0 s. 

0*9 1 

- i 

" c. 

0 

G-21G34 
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• 

602 

5H6 

f 

.57(1 

• 1 

,554 

.5:i>) 

523 

,507 

4.1 

1 

475 

459 

443 

427 

4U‘ 

r .■H.5.' 

379 - 

363 


332 ! 

i 

HI 7 

301 

285 

269 

25* •* 

287, 

221 

205# 

189 

174 ' 

f) 

159 

113* 

127 

112 

096 

080 

065 

049 

033 

^18 

if 

002 

9S6 

970 


939 

923 

908 

802 

87(1 

K61 ' 

5 

(;*20845 . 

829 

813 

708 

782 

•7«G 

7.51 , 

735 

719 

704 ! 

1 


6*20689 

673 

658 

642 

627 

'611 

596 

Ao 

565 

549 : 

7 

5H4 

518 

503 

187 

172 

456 

441 

425 

410 

394 ' 

8 

H79 

864 

348 

333 

317 

30! 

286 

271 

255 

240 ! 

9 

10 

»• 225 

071 

210 

056^ 

194 

040 

179 

025 

163 

0«9 

1(8 

',)'.I4 

132 

979 ' 

117 

► 

101 ^^086 
94S ' 

11 

6*19917 
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887 

872 

856 

841 T 

811 

796 

780 

12 
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7.50 

735 
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6H9 f 
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tloO 
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13 
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598 

583 

568 

552 

537 

522 

567 
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470 

14 
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416 

431 
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3I?(1 

371 

356 

341 

325 

15 
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*iiHy 
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235 

220 

205 
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174 
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024 

17 
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931 

0,0 

901 

8H9 
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18 
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84 ..J, 

829 

814 
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7.81 

vfo. 

7.54 

. 

739 


19 

. ?10 

69r> 

680 

665 

650 

(;35 

620 

606 

^01 

576 

20 

• 5f.2 

547 

532 

517 

502 

487 

472 

158 

^43 

428 


414 

399 

• 381 

3(;9 

354 

339 

321 

310 

295 

2^0 

132 

22 

26(; 

251 

236 

221 

206 

191 

176 

ft2 

^ 147 

23 

119 

104 , 

089 

075 

060 

045 

031 < 

016 

002 

•87 

21 

6*17973 

958 

943 

929 

914 

80!) 

885 

m 

85G 

841 

25 

827 

812 

797 

783 

7<i8 

753 

730 

724 

7% 

695 

26 

68 f 

GGG 

651 

637 

622 

607 

593 

578 

504 

549 

;i7 

586 

521 

507 

482 

4'i8 

463 

440 

434 ■ 

■ 420 

405 

f 28 

801 

‘m 

362 

, 347 

333 

«18 

,304 * 

28:i 

275 

260 

29 

247 

2.32 

218 

^ 203 

189 

! 175 

360 

116 

131 

117 


()15 








TABLE XI. 


Ll)ss of'.Nitro^n by Evaporation NH’. With Sufphutous Aci^. 


X 

< 

\" 



Parts po 

r 100,000. 

...» 

(5 



Nas 

Loss 


Loss 

N as ' Loss 1 

N as 

JjOsS 

N JV.S 

Loss 

N'a. 

Loss 


ol N. 

NIP'. 

Ot N.^ 

NIP' ! ol N.^ 

NIP'. 

ol iN. 

N'IP> 

tl N*- 

In IP'. 

of N. 

5*0 

i-711 

8-9 

' 

1 1*25 

2-8 1 -698 

1-7 

1 

■370 

•o' 

•145 

f 

•04 

•009 

4-9 

I-717 

8-H 

1-878 

21 •850. 

1-0 

■888 

.5 

•109 

•03 

•007 


I'Oai 

37 

1-880 

2-0 ! -802 ' 


•324 

•4 

•075 

•02 

•005 

4-7 

1-009 

3-0 

l-;‘H-> 

2-5 [ -75;! 


•809 

•8 

•057 

•01 

-008 

4-0 

1-015 

3-5 

1-234 

•>-i ' ■'fell; 

1-3 

•295 

•j 

•038 • 

•008 . 

•002 

4*5 

1-021 

3-4 

1-180 

' -OlH 

1 2 

•280 

•1 

•020 

•007 

•001 

4-4 

1-598 

8-3 

1-138 

'2-2. •r,p 

1-1 

•200 

•09 

•018 


- 

4-1 

1 -574 

8-2 

i-OiK) 


1-0 

•252 

•08 

•017 

-- 


4*2 

1-550 

3-1 

1042 

2-0 ' '5i} 

•9 

•287 

•07 

•015 



4-1 

„ 1-521 

0-0 

•994 

Vi) ! /A4 

-8 

•217 

•00 

•013 

— 



l-47:j 

2-9 

•940 

1-8 1 -118 

-7 

•181 

•05 

•Oil 

-- 

— 




r 

- 


•* 



• 



TABLE XII. 


Loss of Nitrogen by Evaporation of Ntf ‘. With Hydric Metaphosphate. 

*■ *' ,, Parts fjt'r 100,000. 


, J 



- 







... 

V: 

i - B 

X 

X'' 



i 5 


Xh 

i, i 

X 

1 "11 
i '^1 

x; 

c 

~ ■'i 

,W 


"o 

i 

- « 

X 

X. 

X 

Vol’.in 

Ex.ipoia 

X, 

u, 

Xs 

i| 

;100 r.c. 

H-2 

'482 

100 <•.(' 

5 9 

■385 

HK) 


■281 

100 i'.c. 

1-3 

•! 12 1 


“8-1 

.•477 

- 

5-8 

•381 

_ 

3-5 

•2'IJ 

_ 

1-2 

•131) 1 

H-0 

•478 

/- 

5-7 

•377 

-- 

3-1 



1-1 

•129 i 

1 ““ 

7;9 

•4G9 

— 

5-G 

•373 

__ 

8-3 

•207 



•123 

— 

7-8 

•4G5 

— 

5 5 

•3GH 


8-2 

•201 

-- 

•9 

■117 


7-7. 

•4fl 

_ 

5-4 

•3G1 

— 

3-1 

'• 25r) 


•8 

Pll 

— 

7-0 

•45G 


5-3 

•8G0 

- 

3-0 

•2 19 

250 c.c. 

•7 

•OHH 

JL. 

7-5 

•452 

- _ 

5-2 

•35G 

... 

2 9 

•i>12 

— 

•0 

•073 

_ 

7-4 

•448 

_ 

5-1 

■352 

— 

2-8 

•230 

_ 

•5 

•001 

■ " c 

7-3 

•4^.4 


5-0 

•347 

~ 

2-7 

•280 

500 c.c. 

•4 

•049 

j — 

‘'7-2 

•440 

_ - 

4'9 

•348 

— 

2-G 

•223 


•3 

•030 

— 

7-1 

435 

__ 

4-8 

■388 


2'5 

•217 

l()0(?c.c. 

'2 

•024 

— 

7-(r 

•431 

— 

4-7 

•381 


2-4 

•211 

— 

•1 

•012 

— 

0-9 

•427 

_ 

4-0 • 

•329 


2*3 

•205, 


•OJ 

•o'i. 

_ 

0-8 

•428 

-J 

4-5 

•824 


' 2'2 

•198 

_ 

•08 

•010 


- G.-7 

•419 

_ 

4-4 

•819 

I 

2-1 

•192 


•07 

•OOH 

— 

0-6 

•414, 

— 

4-3 

•315 


2-0 

•JHO 

<t _ 

•00 

•007 


ff5 

•410 


4-2 

•810 

_ 

V9 

•180 

— 

*05 

•OOG 

— 

G-4 

•40G 


4*1 

•805 

_ 

1-8 

•!7a 


•04 

•005 

— 

6-8 

402 

— 

40 

•30J 

_ - 

1-7 

•107 


•08 

•004 

1 — 

G-2 

•398 

_ 

3-9 

•29G 

— 

VG 

•I'Gl 


•02 

•002 

_ 

G-1 

•894 


8-8 

•291 

_ 

1*5 

•154 


•01 

•001 

~, 

C-0 

•389 

— 

8-7 

•280 

— 

1-4 

•148 



— 



_ 





* 






OH) 






• TAlfLE XllI 

\u>ss of Nitrogen by Evaporation of NH’f W^h Sbiphurous AcM. 


Parts per lOO/KlO. 


. • . 

NH\ 

# 

liliSH 
•lit N. 

1 

• 

Nll"^ 

• 

liiWH 

.4 N. 

Nil'. 

Iaiss 

.il N. 

• 1 

* • 

• 

%* 

I A.- .O 

0< ^ 

• 

N/l'* 

■ f 

1 

ol N. ' 

• 

• 

• 

• 

• - 

• 



• 


*0 

♦ 


# 

• y 

60 

1-727* 

4-« 

J 451* 

3-0 

-977 , 

-'•4 

•50.8 

1-2 / 

•250 

-09 

•014 

5-9 

• ] -JO? 

>1-7 

1-411 

8-5 

-937 

2-8 

•408 

fa'-l 1 

288 

•08 

•018 

5-8 


i 

, 1 

8-> 

•*>898 

2*2 

-4-24 

1 v) 

•220 

•07 

•012 ‘ 

5-7 

i-noH 

'i-8:^2, 

8-3 

-*58 

2-1 

•884 

•9» 

•190 

•00 

•010 1 

5«6 

1-648' 

4-4 

1-^98 

8-2 

-819 

2-0 

•84^ 

•8 

•K.O 

•05 

•009 i 

r)-5 

1 -628 

4-8 

1-258 


•779 

^9 

-.888 

.7 

•180 

•04 

‘111’^. 1 

5 4 

1-009 

4-2 

1-211 

^8-0 

•iio 

• 1-8 

•821 

• *0 ' 

•100 

•03 

mo t 

5*3 

V589 


»M74 

2-9 

•7m 

l-'i’ 

800 

•5 ‘ 1 

•077 

•02 

•004 , 

5-2 

l-.5(;9 

4-0 

1-185 


•001 

i-i;^ 

2!>7. 

•4 

•002 

■01 

•008 

5-1 

1-549 

8-9 

1-0<15 

2 7 

•021 

'1 

•285 

•8 , 

•047 

•009 

•001 

5-0 

1-580 

8-8 

1-050 

2-0 

•582 

•2.74 


082 


• 

4-9 

• 

1-490 

8-7 

1010 

•) 

•542 


.•202 , 

•T 

* 

•017 

* 




TAPi.K XIV. 

boss of Nitrogen by Bvapt)ratlon of iNH*’. 
With Hydric Metaphosphate. 

I'urts iicv 1«),0(J(). 



i 







>5 




! ^ ^ 


-Q. 

|| 

X. 

"C' 

1 K* SJ 






, « 

1 

j 

J 

- 


J 

1 

IlOO e.(i. 

lO'O 

•488 

Ut.M fc. 

,7'2 

■8 iT 

_ 

'.HI 

•ISO 

- 

7'1 

•.8{<2 

_ 

9-8 

470 


7-0 

•j7!l 

_ 

9-7 

•178 

— 

0-!> 

•875 


9-0 

•u;‘> 


0-8 

•872 

_ 

9*5 

•^10 


0-7 

■;108 


» 

•402 

% 

o-o 

805 

_ 

9 8 

•159 


0-5 


* _ 

9-2 

•455 

—• 

0-4 

•858 


9-1 

•452 

— 

0-8 

•854 


9-0 

•418 

— 

0-2 

•851 


8-9 

•415 


O-l 

•848 

_ 

H-K 

•441 

— 

0-0 

845 

_ 

8-7 

•48H 

— 

5*9 

•341 

_ 

8-0 

■484 


5-8 

-.887 

_ 

8-5 

•481 

— 

5-7 

•883 

,r*- 

8-4, 

•428 

— 

5-0 

•880 


8-8 

•421 

’ - 

5<b 

•320 

_ 

8-2 

•421 


5-4 

•822 


8-1 

•4W 


5‘8 

•818 

_ « 

8-0 

•414 


541 

•814 

_ 

7-9 

•410 

% - 

5-1 

•310 

_ 

7-H 

•107 


5-0 

•8011 

_ * 

7-7 

•408 

• * 

4-9 

•802 

- 

7-0 

•400 

— 

4-K 

•298 

_ _ 

► 7 5 

•390 

— 

4-7 

•294 

• 

7-4 


... 

#‘V‘> 

^4-5 

•291 


7'8 

•889 


, -287 





1 • 




lOU c.c. *4 1 

•283 

lOO o.c. 1-0 

■118 

4-8 

-^79 

•- 1*5 

•187 

1 2 

•275 

1-4 

•182 

4 1 

•271 

— 1 8 

•127 

,1-0 

•207 

' 4-^ 

^122 

— ' 8-9 

•?02 

i-i 


- 8'8 

■••'h 

1 0 

•112 

8-7 

•252 

2.50 c.o?' -9 

•090 

3-0 

•217 

•H 

•OHO 

— 3 5 

•242 

It- . • -7 

•t>70 

— 8-1 

•280. 

•0 

•ooo 

8-8 

■281* 

500 f.c. -5 

•060 

8 2 

•220 


•010 

8-1, 

•221 

•- .■;3- 

•080 

8-0 

•210 

1000 u 0. j -2 

•020 

— ' 2-9 

•211 


•010 

- . 2-S 

•205* 

•09 

•009 

— 2-7 ' 

•200 

^ -08 

•008 

' 2-0 

■ -lOS 

_ -07 

•007 

_ ■ •j-f, 

•190 

- - *i ^o 

t)0G 

2-4 

•IHI' 

— i -05 

•005 

2-3 

•170 

; -04 

•004 

— ’ 2-2 

•174 

1 -08 

•008 

— ' 2-1 

•109 

— .-02 

•002 

— ' 2-0 

104 

— , -01 

•(XJ! 

1-9 

•158 

— ' — 

— 

_ ; 1-8 

153 

- 1 

— 

- i 

•148 

— 1 — 

— 




017 
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COEFFICIENTS AND DOGARITHMS. 


qdcff;<;iekt$ and lwiarithms for volumetric 

ANALYSIS. 

O'cHicieiits. 

'» 1 c.c. = 0*04903^* gw. H.jS(A • . 


Normal H.jSO, 

Normal HCl 
Normal UNO, 

Normal 

\ 

Normal Acid 


» ^ 0-04803 

' „ = 0-04003 „ 

1 c.c. ='0*031)408 , 
= 0*03540 ^, 

■\ 0.0. ^ 0*00:4')18 , 
„ •=' 0*002(4 , 

„ = 0 054aJ , 

. u 

1 0 . 0 . 0*00:^24 , 

„ i0*04olj68 , 

1 c.c. = 0-017034 , 
„ = 0*03505 , 

„ == 0-01401 , 

= 0*10088 ,, 


HCl 
01 ^ 

HNO, 

NO, 

N,0, 

HoO-.O^, 20H, 

HM.X\ . 

NK, . 

nh;,ho 

N . 

Na.BAlOll, 


- 0*037043 Ca2HO. 
' . - 0*028036 CaO 

„ = 0-050035 . 


0 085003 
.. ^ 0-157757 
0*008085 


CaCOj . 

Bair..().. 
BaHlO^KH.O 
BaCO, . 


,0 


l/)garitlm«. 
2*69058 
2*68151 
2*60230' 


2*50101 

.2*54074 

2-70946 

2*70246 

2*73247 

2*70051 

2*05320 

'i*2'3132 . 

2*54460 

•2*U|)44 

1*28076 

2-50371 
2*44770 
2 60927 

2*03295 
1-10800 
2*00425 


0*02016 MgO. 2*80449 

„ = 0*04216 ]^lgC(.>,. 2*62400 

• f 

= 0*056108 „ KHO . . . 2*74002 

„ - 0*0001 „ KaCO..2*83048 

0*18814 „ KHG,H/A .... 1*27446 

„ -=0-l()H119 K,(VI-, 07 .''HiO • ■ . l-rt^390 

„ = 0-0i)8124 „ KC..H,,0.'J-9;)178 

„ ^0'1411 „ KNa(:4fcl\0„,'4H.,() . . T'14952 


- 

1 c.c. = 0*040008 . 
.,'=0*053 
„ = 0*14308 . 

„ = 0*084008 , 

NallO . 

Na/X);,. 

NaaClAlOHjO 

NallCO.. 

■ 

■ • 

. 2*60215 
. 2*72428 
. 1*15558 
. 2*92/PJ 

Normal ^aHO 

1 c.o. = 0*040008 , 
„ = 0*031 

NaUO . 

Na,,0 . 


. *2*60215 
. 2*49136 

Normal KHO 

1 c.c. = 0*0.56108 . 
„ = 0*0471 , 

KHO . 

KaO . . . 


. 2*74002 
. 2-07302 

Normal Na-aCO,, 

1 c.c. = 0*053 
„ = 0*030 
„ = 0*022 

NaaCO, 

CO, '. . 
COj ' . 

• 

. 2*72428 
■; i*47712 
f 2*3^42 









COEFFICIKNTS AND LOCAWTHJIR. * 


^ Ooftiicieuts. . 

Normal Alkali • I c.c.,= * ■ 

„ = 0*070027 „ 

- 0;03640S „ • HCl . «©. 

* = 0*080028 „ HBr . • . 

^ 0*012703 HI 


« 19 * 

A?<j;;arithflivS. 

. *2*77888 
,• ^2*84527 
.2*^6191/ 
* 2*90‘W 
. ■1>10697 


H/io Iodine 


ll/io*l>ichromato 


N/io Thu><?ulphato 


CALCiUM*(Ca " 40*07) 

• 1 c.c. N/io pernianganato 


• 

„ : 1)*Q63018 , 

--=T)*0l!D38 , 

UNO, . 

. *2*79946* 

H.,SOj . 

. 2*6‘K)63 

„• == 0*075024 , 

u;(;jH,o„ 

f 

. 2*87520 

1 e.rji- (f010788((ft 

1. Ag . • . 

. 2*0^T294 

- 0*()1% , 

^gNO, . . ' . . 

. 2*23044 

„ 0*003546 , 

(*1. . .o . . 

. 3*54974 

•= 0*00535 „ 


3*72835 

„ - 0*007456 , 

fCi* / » 

3*871151 

,, = 0*0119 

Ivllr 

2*07555 

• ,, - 0*01029 , 

^Tkllr C. 

2*01242 

0*0062 

Na..HAsO^ . 

. 1^^9239 

1 c.c. - 0*00.3203 , 

• so; . . 

. 3*50555 

„ --- 0*004101 , 

H.,SO, . 

. 3*61321 

„ ^ 0 004948 , 

As_j0;, . 

. 3*09443* 

- 0*02482 . 

Na.^S.,0.,5H .0 

. ■2*39480 

, „ - 0*012609 , 

Na.SOHTIIjO 

. i*10068 

-- 0*009114 , 

• K..SO,,2H.p . 

. 3*98740 

1 f.c. - 0*015)19 , 

FoSO^ .... 

. 2*18156 

„ - ()*0*27H 

J?oS0.7iy) . , 

. 2*44404 

„ -0*011.58-^. 

FeCO^ .... 

. 2*06386 

„% 0*007184 , 

FoO .... 

. 3*85';37 

1 (■.<• - 0*02482 , 

Sodium thiosulphate . 

. 2*39480 

„ - 0*012692 . 

I. 

. 2*10353 

„ 0*(K)3.546 , 

- 0*007992 

Cl . . ^ 

Hr . . 

a. 3*514974 
. 3*902o’. 


Old) 

(’aCC), 

(’aSO^, 

(’aO 


20H,. 


; OaO 


0*002803.0 
^ 0 005003.0 , 

„ . 0*0080081 , 
normal oxalic a'^ul = 0 028035 , 

Cryflt. oxalic acid x 0*444 == CaO . 

Ferrous amraouium sulphate x 0'07143 
Chlokine (Cl - 35*46) • 

1 c.c. N/io siller solution = 0*003546 gra. Cl . 

= 0*005846 „ NaOl . 

^ arsenious or^thiosulphate solution = 0*^^0354^gin. 61 

Chromium (Cr = 52) * « 

Metallic iron x 0*3104 = Cr . 

„ X t)*5968 - CrO. 

,t X 0*878 = KgCV-)? 

„ X 1*91«) = FbCrO, 


Ferrous ammonium-^ilphate x 0*0443 — Cr . 

„ X 0*0853 = CrO;, . 

” „ X 0*1253 = KnCr^O; 

. „ g , X 0*2747 = PbCrO^. 


. 3*44770 
. 3*61i9*27 
. 3*93491 
. 2*«770 
, L-C473H 
. 2*85388 
► • 

. 3*54974 
. 3*76686 
. 3*54974 

. 1*4^92 
. 1*77586 
. 1*94847 
. 0*28640 


. 2*64G‘lp 
. 2*93095 
. J*09795 
. 1*43891 








> 2 ^ 


COjIjJFFIClKNTS AND TiOGAKITHMS. 


’ Ooolficients, ' Jjdgarith* is 

1 Cl ^ N/iq solifuioii = gm. ('rC)| . ' . . ^ . . iV52284 

„ ^ '* V,,‘ ^ ^‘•A0490;-{ ,, K..Cr..()7.3-69045 

(Cu -• n3-67) • ’' , , 

i !io s<*lutioii 0'6063.‘>7 gill. (-U. „ . 3'80IK5 

lro!ti X 1-138 • - co.ipcr . . .. . 0-05G14 

Ferrcua ainmoniuiji Biii^ttliate x O-Ki'i'J ~ copper . . ♦ . ^ . . 1-21005 

' Oyanogkn (CN ~ 26-01* * ... 

I c.c. N/io silver solu,*^ ion — 0-(K)5202 gm. C^'J . ■. . ^■.3-71017 

„ „ - 0-005401 „ HCN. 3-73272 

„ ,, =’'0-013022 lv(]N.2-li468 

N/io iodine ■ = 0-003255 V KCN‘ . . .*-3-51255 

Potassium FKiinocYAtorn: (K4FeCy,.,'3()l{.2 2. 422-348) , 

Metallic iron x 7-5(‘3 = erv-st. |KOassiiini feiiw.yanfde .... 0*87809 
Ferrous animuaiuin sulphale x 1^)80 = eryst. potassium ferrocyanide 0’03342 
Potassium Fkuricyantdk fK^Fv-X-yjo = 058-4) 
iletall’c iron ' x 5M95 = potassiuni lorriiiyauide . 0-77018 

Ferrous ammoniuin sulphate x 1*1)84 ,, ,, . (p22034 

N/p thiosulp’uatc x 0-03292 = „ ,, . 2-51746 

r«Oi.i)‘'Au -- 197-2) 

I c.c. normal oxalic acid - 0-0657 gni. gold *. 2-81757 

Iodine (I --- 126*92) f 

1 c.c. N/jq tliios ’lphale = 0-012692 gm. iodine.2-lC|353 

Ikon (Fe ^ 5.5-81) ' , > -.t 

1 c.c. N/lO permanganate, dioliromate, or thiosulphate = 0-0055B4 i(‘ . 3-74095 
„ „ „ - 0-007184 FeO . 3-85637 


Lead'(P*' - 207-^',”. 

1 c.c. N/jo permanganate • 0*01036 gm. lead 
• 1 c.c normal oxalic acid - 0 1036 gm. lead . 

■ Metallic iron X d-855 = v- 

Ferrous aihmo liuin sulphate x 0*264 = load 
Manuanesr (Mu - 54-93) . 

MnO = 70-93. MnO, .. K6-!*3. 
Metallic iron'x 0-1918 = Jin . . . 

„ X 0-i;3r>0 MnO 

X 0-7783 = Mn()._, 


1 « « 

Ferrous ammoniuin,sulphate x 0-()5K)7 •- MnO 

, „ X 0-1112 - MnO, 

Cryst. oxalic acid x 0-6896 — MnOy 


1 c.c. N/jo solution = 0*003.547 gnu JlnO 
„ .-- 0-004847 ,, MnO., 

Meucury (Hg = 200-0) 

Ferrous ammonium sulphate x 0-5115 - Hg. 

‘ „ X 0-0924 - IlgCL . 

1 c.c. H/io solution = 0*02000 gm. Hg . 

,, = 0 02080 „ Hg.,0. 

‘= 0-0271.52... HgCl., 

Nitroobn as Nitrates a^d Nitrites (KO-j = ]68'02. 
l;forny:\l acid x 0-0.510 - N.p, .... 

„ X 0;1011 = KNO.J .... 


Metallic iron x 0-3701 = HNO^ 

„ X 0 0035 = KNO., . 

, X 0-3224 = N .,05 

Silver (Ag = 107-88). 

1 c.c N/]o NaCl = 0-010788 gm*. Ag 
„ „ = 0-010989 „ AgNO, 


^ 0-007984 Fe,,().,M-90222 

. 2-01530 
. i-('l530 
. 0-20H41 
. 1-12192 


. 1-G9179 
. 1-80-277 
. 1-89115 

. *2-95761 
1-04610 
, 1-83860 


.54980 

3-G3K19 


1 -70880 

1- 84033 

2- 30233 
2-31931 
2-43!3f!rj 


N.,0, = 70-02). 


2-73239 


1-00475 

1-575.30 


4-78068 


1-50840 


♦. ;i-03294 

. 2-23017 

e 












• .COEFFICIKNTS AND LOOAHITHMS. 

» CoStticients. ^ ^ 

Sulphuretted ?T#drooen " ;^4*07(>). 

1 c c. N/j 0 arsenioiis solution = 0‘(X)255b em. ILS . • *. 

„ N/io ponn^ugana^ or iodine = 0*06l703B gni. If’.S 
(Sn 

* Metallic ijon ^ 1’0G3 tin . . * . ♦ • / 

Ferrous amn^oniiUn sulphate x 0'l/5f4 ~ tin •* ‘ / 

• Factor^or N/j^iodiit'' or porj>ia 4 jcanatc solution O'O0-VJ‘>b^ 
Zinc {Zt^— (>5*3'l>)* ♦. * > 

Metallic iit)n x O'.085‘2 - Zn . . . . 

• », X 0-7"2B5 = ZnO . i ’ 

Furr#us ainmouiuin sul}:%ato*x = Zn 

X T)»1041 :-^ZnO > 

1 c.c.*N/io soilition 0-0^;J268 gni. Zn . » . ^ 4 

1 


1=)2l' 

• • • 

. • ‘ ijOgEirithms. 

• > • 

* f:i-4075l . 

. (^02C4fl 
. i-i7h!m 
. 3-77342^ 

. ] -70733 
. I-86241 
. 2-bi221 
. i-01740 
. 3-51428 





addenda. 


I’age 35. Modified Methyl Orange Indicator.' By tho ai! Ution of an 
aniline dye to nietliyl orange the epd-point of the indicator is consider¬ 
ably sharpened. .Xy'"ne cyanole I'F (Kandoz' Chemical Co.) gave the 
best result when mixed in the tA'oportion of 1-4 parti- of the dye to 1 
part of methvi orange. With th^j use of N/jo ac.'.i and an alkaline liquid 
measuring about 50 e.c. the .latter remained of a green colour to within 
2 diops (if the end-[K)int, after yl(uch another drop produced a giriy-green 
colour, and a further dro[. gave^ colourless grey. Further addition of 
acid changed bio'’Olour of the solution to magenta. Good results were 
obtainftd in the titration of ammonia with HCI, and with phosphoric 
acid and NaOH, vyith the fo-mation of the monosodium salt, but the 
indicator w.is nseloss with acetic acid. The new mixed indicator gives 
results with a KiOwatt blue glass “daylight” lamp equal to those oh- 
tained by daylight. 

Page (lit. Soda Ash, Caustic Soda, etc. The available alkali ii^ coni- 
merci..l soda asV etc., is frequentiv expressed in terms of alkalimetric 
degrees, which are ih-finiyl as follows 

The French or Descroizilles degrees mean the quantity of real 'sul¬ 
phuric acid, II 3 SP 4 , neutmlized Ik lilt) parts of soda ash. 

The Gorman'degrees express the available alkali in terms of sodium 
carbonate Na.j('(l|. (Even tlio strenglii of c.anstip alkali is so expressed.) 

Newcastle d-grees (England) are cah iilated on the olil equivalents for 
NajO and Na.jCO.i, viz. 32 and 59'20 respectively. 

tlsually 16'5 gin. of the alkali are dissolved in a 500 c.c. flask and 
i^.l'e up' to .‘he man.. 50 c.c. of the w'cll-mixo*. soKition are then 
titrated with a/i llC''l, using methyl orange as intTicator. itlacl.' c.c. of 
standard acid used equals 2 per cent, of available alkali (Na.jO). The 
“degrees” a''e 0 ! tained as follows : - ' . 

Na-iO per cent, x l-,582 - French alkalimetric degrees 

„ ' X 1'71 German „ ' „ 

X I'Oltt - Newcastle ,, „ 

‘ • French degrees x 1-081 - German degrees 
- German degrees x 0-9252 = French degrees 

(.See I.unge’s V'rcAap-nf Chf.mists^ Randhook, p. 170 .s-np). ' ^ 

Page 371. Formaldehyde. (Blanks and F In ken berger ’ s 
Method.)--.Measure 3 c.c. of the solution into a small weighed beaker 
with cover and weigh. Dilute and rinse tlie liquid into a 300 c.c.,conical 
flask. Add 60 c.c. N/j soda, then 60 e.c. hydrogen peroxide solution (10 
vol.), adding the latter slowly throug'i a funnel, (jover the flask and 
a(low to,stand on top of a water-oven for 20-30 t.i'nutos. Then add 
litmus or phcnolphthalein solution and titrate hack with */i sulphuric 

' .S, 1922, 121 ,‘2ri02-2.'lC<i., ■- * 
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aci^. 60 c.€ of tlio perojtido solution are then titrated wiWi H/, tbda,' and 
the c.c.used ded»cted fr«in*the 50 c.e. of H/i s'oda adc?^ origidally. 
From the diBerence suhti-act the c.c. »/i sulphnric acid addel, then 
the figure obtajned-’niuUipliod hy 2-079 and dividy^ by the Weigl},t of t)^ 
saTution taften gives the percentages by weight of absolijte fornialdeAydo. 
In the H,P.*tljtf sqjutioli should re>inh-e for 3 e.c , fre^i 36 to 38 c.c. of 
ill soda,*correj))ondfng to Hfi-ljg gm. of formalde'hyie |X)r 100 c.c. 

Pago #12. Dtfermhigtion of^Reducing Sugars ty means of Fehling 
solution with Metifylene Blue as internal Indicator (J. H. Lane and 
L. Ey non').--'riiiK volupiotric metl.nd is baseii,on the long-known '.ict 
that in liot alkaline solutions nifethyloru^blue is redu led, i.e. decolorised, 
by aldoSes anffkofosos. Jt yields result') as iiiceurats as those given by 
tlio gravimetric Fehling method, and U unalfetted by the presence of 
starch, proteins, suspended matter and snijstances retaining cuprous 
oxide in solution. The solutions empftfed V' Fehling solntibn, pre- 
paro^l as described onj). 412, and a 1 percent, tplution of mj*thylene blue 
in water. Mii,ximum accuracy is attained by adhering to a consistent 
proc^dusc. The indicator is so srnisitive that the end-point can be 
'(letermineil in nf-any cases to witliin oTfe drop of tlie fXigar solution, and 
it ij always advisable to add the indicator only towardjthe (Mid of the 
titration. A preliminary incremental titration is cauried out fiy aildiiig 
15 c.c. of sugar solution to 10 nr 25 c.c. ot Feliling solution in a 300-400 c.c! 
flask aiKl boiling the lyi.xlure for 15 seconds, when further 10 c.c. portions 
or less of the sugar solntion are add(>il, the liquid Jj«iil^ boiled for 15 
Hecoyds between successive a<lditiens. Wlicn the copper is almost^ 
entirely rcidiici'd a few drops nf the indicator are run inland the sugar 
solution is added in small increments, wlftle Tbuliitioi^ is^constanlly 
maintained, until ilie iindliylene bl^^c*isdecoteriM'd. For many purjioseK 
this titration is snrticimiHy accurate (corrections are givej^ whereby the 
error may be reduced to within f per 4'('nt.), l)ut whore maximum ac¬ 
curacy is d(‘siri*d the above titration is followed hy another, carried out 
according to tlie^sian^iard jtrocedure adopted hy thy author^ as «folIo^'.g: 
To 10 or 25 cy.*. of Fe^iing solution in a flask the sugar solnlion is added 
to ’.dthiif 0'5-J c.c. of the amount retpiired to complete the titifition, and 
the giixturc is Imileil f^* 2 minutes. to 5 drops of the indicator jjro 
thcnniMded, and the titration is comjileted in one minute,*the liquid 
being maintained in continuous eliiillition for the whoWi 5 minutes. The 
authors hold the burette in the liand over the flask, the burette being 
fitted with a small outlet tube Inmt twice at right angles. ^Buro^o^with 
glass taps are \insuiial)l<“, as flic taps h(‘como heah'd by the steam aj^d 
are liable to jam. ♦ 

^ T'n the original pftper {loc. cU.) Tables are ^iven {pr ns^ with tlie n^ethod 
both for 10 c.c. and 25 c.c. Fehling solution usetJ, and for invert sujgr 
(alone and in ptescnco of sucrose), dextrose, hvvulose, mattdke, and 
lactose respectively. “Factofs” are inchuled in the tiblos representing 
the number of mgmtof sugar required to reduce the volume of Fehling 
aoIutiGii used at tlu!^va*i^us <-oncentraiion8, the factor for an^' given 
sugar varying apprecTal)ly with the concentration. ' ^ 


■i* r. /., 1023, 12, 32T. 
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IDDRffiJA AND COwitlOKLDAf 

* Page IsJV .[^termination of Sugaf in Urine by L a n e and% y n o iV s 
ilSetffod (^wpr^^. -Tlio urine, if acid, is rendfjrivJ neutrti to litmus, and 
^then 2(1 c.f. is rfm f-roirt^A burette i^ito 10 c.e. of Fidiling solution (Soxhlet’a 
'K.odifici'tion) in a 300 «.c. flask, and lunitod to bciling o.-e;* a wire gauze. 
A tnfce of vaseline may be introduced into the liquid, to prevertt excessive 
frothing. After lyiiipute’s aetua\ ebullition lO'drojs (jf a'l per cent. 

' solution of mcthyleit ^ blue are added. TJ. tips is c(?;nple»!^ely ddcolorised 
within 15 sec’onds, tso that the iicjuicf appears'exactly as Ifefore the 
addition, the urine contains more, than 0*25 per cefit. of reiViu^ors calcu- 
lat€ .1 as dextrose, and in,that ease itf jiiust bo suitably diluted and titrated 
against Fehling srdiuion by th<^ nietbWl describod al>ove. If on the. 
other hand, as is uuially.the *ise with normal urines, (ho mdthylone 
])lue is not completely ('iecoloris m 1 in about 15 seconds, the amount of 
reducers is less than [)-2r< pci'^ciuit., and should it be necessary to determino 
their aiiionut the-titnilioii is'. (('ntinued by adding further <|iiantities of 
the p'ine, 5 e, *. or IDc.c.v;i a iCne, to tlie boiling liquid, giving aboyt 15 
secoi'vls fictual I'bullitiou after each addition, until all trace of greenisli 
tint lias disaj)p<‘jir<'<l. lAir llie del(‘rniin.'U.ion of such small (piantrltii's 
of re(jucOi,!jS 10 <*.(( of l'’elil!ng sc.lulion may he taken Its c<]uivah‘nt to 
0*05 gm. of lie'.rose, but for the detcrmmiition of vi'ry large amoynts 
the special table (/- c. rit.) slionid be us('d. 'I'lie |)recisi«>n of the nudhod 
mcreases witti the amount of sugar to ho detenuiiKMl, i.e with the degree 
of (1;A\ition of the urine (‘inployed for titration. 'I'lie results agree/olosely 
with those given Ib'/eu rard’s cyaiSo-iaijiric metliod, and are about 0'05-0-l ■ 
['er cent. kav<‘r tluiu those obtained by Pa\’\’s nu'lhod, a diffenmeo 
attriliutable to^tho n^dueing i^)n-sugars, whicli affect Pavy’s solution 
more than*i'VhAing’s. In tlf<‘ d(‘tcrmmaiion of very small (juanlities of 
sugar, the ond-point of tht< titration, may he made rarher more distinct 
by first <iefef 3 .tnig tin' urine with neutral le^»l acetate and removing 
excess (d lead by means of ptitassium oxalate, both of whicli reagents 
may he used in th(‘ dry state to avoid ililution. jMi^tliylene blue may be 
mi(M Hs*an uiternal Indicator m Paw’s solution or^Benedid’s solution. 
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CORRKiENDA. 

P.‘f,.,e» 48, Nine 4 , from biittom.- For “ (\H,((!()()H)i ” read 

Page 330,‘■line 7.- For “OWJ” read ‘‘fi-2.” 

bne ?i. Fi^'i' “0'd(m2” naid “1)'2.” 
lin(‘ 10. -‘For “ 0-00q4 ” ri^ad “ 

* Page*"4f)8, line 4. -For ‘‘ Table 7 ” rea<l “ Table VI. ”< 

Page 481, lin? 17. -After “Koscoe air I laint’s Table” rei.d “{sco 
Appendix, Tabic VIT.).” ^ • 

Pag(i.481, line 0 from bottom. -For “ Kois.tf: ’^read “ KerMha\'fc” 
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I) Det(‘rriiiiivi,tion. 


Acetate of liuic, aiirtlysU of, 9.^. 
Acotftldohydo, D. of. 374. 

Acttio acid and acctatos.ttitnitmn of, *[)3. 

— anhydride, D. of, 9G. 

AeJtonc ^malysie of, 364. ^ 

Aootyl value of oi^ and fatR, 39S. 

-I), of. 3Jm. 

Alidimetry, 32. 

Acid value (oils and fats), 368. 

Aldehydes, various, I), of, 374. 

Alkaliijietry, 32. 

Alkali caibonato and liu johonatc, 1). of, in 
[ireacrioc of each other, lil. 

—.• chlorides, indirixit D. of, ioO 

— hydroxides, i). of, in ]>r('.siiRe of small 

projiortions of caibon.itcs, 
62. 


— — _ — small quanti‘!i-p or. in picsi iicf. 

of carbonates, 63. ^ ^ 

— salts, titration of, Ti'J. 

— — of organic acids, titration of, 08. 
-mixed caustic and caibonatcd, titra¬ 
tion of, or. % 


— sulphides, 'sulphites,'^hiosnlpliates and i 

^ sulphates, D. of, 328. I 

AlHlios in preaeneo of Miljijiites, i). of, 64. i 

— #!®rect D. of, 160. [ 

Alkalimetry, 32. j 

Alkaline earth.s, D. of, TS i 

— — indiix'ct D. of, 149. I 

Alkalis, alkaline earths and acids, table for | 

systomAtic^analysis of. 69. I 

Alum cake, free acid in, 164. 

/iflumlna cream, preparation of, 411. 
Aluminium, D. of, 15^. • 

Ammonia, 1). of by distUlation, 76. 

— indirect I), of. To. ^ 

— salts, analysis of. 75. v 

— somi.normal, 64. 

Ami^niacal gasdiquor, mialy^ of. 77. • 

— liquors, analysis of, 7^. ' 
Ammonium*cop{x:r, normal solution of, 60. 

— mMit«ium phosphate, titration of, 121. 

— thiocyanate, ^•ofuormal, 15^ ^ 

• 40 , 


AiiUitU', 1 ). of,•36b, 

Annuioiiy, of, 166' 

— uvDitioi with bromat^-, #j9 

analysis of. 126.^ 

Aisenio, 1>. of. 161. 

1). «f as silvw arsenate, 160. 

' — III non ores, steef and pig^nii, D. of, 

Hf9. • 

— • 111 oigaiiic coiiipu^iKlH, 1). of,‘*172. 

-- in iiresenco of tin. T). of, 163. 

Arscnitc, aolution, deemonnni, 144. 

•nimis iM-id, reactioii^vith ioiliiie, 

•— titration of, ’■ ft. 

— Milphklc, t>. of, by iiriline. 167. 

Arsonite, ^l,o solution of, 144. 

Au.^ne, ^9. • - 

A/.o-dyes. D. rf, 3(>7. 

A/.olitmiiw 35. 

« 

Bai.an'Cf., tlic, 6. “ 

Barium hvdroxide, dccinonnal, 56. 

— ]). of,'172. 

— tliiosulphate, pxcparalionAnd use of.^jki. 
Iflisic lead aoebite,’prcpiiiution of, 411. 
Biltuorides, titration of, 118. '' 

Bismuth, titration of, 173. 

Black ash, analysis of. i$. * 

Bleiieliiiig powder, valuation of. 18.5. 

Bone, arid in butkT, f). of, ITO, 

- milk and eream D. of, lOl. 

— butter, etc., 1). of, ^ 

— - - titiatiofi of, tt7. 

Bioinateti, D. of. 130. % ^ 

Bioinidgs. iodides aiul^'ldoiides, i). of, 231. 
Bromine valueoils and/ats, 409. 

— 1). of, 139, W6. 

Burette, the, 8. 

— calihrntion of, 21. • 

— floats, 14. . 

Burettes, how to clean, 15. 

— inethoil of reading, 13. 

— stfiudardii'.cd, 13. 

Butter, i). of Rcichcrt-WoHuy number of, 
391,395. « 
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^^AOMiUM^ D. of, 179 . I Copper and irr^, D. of, 210. 

,Calcjnietor, ^chpjblor’s, H>. |»' • colork-ictrio D. of, 2^6. 

(’alcitim,, and magnesium, carbonates in j — in water supplies, D. of, 2rK*. 

\7aters, ir,of, 74. ^ i —ores, Steinbeck’s process for, 212.' 

ir- 1 >—etc.. D. ot,, by Hebner’s i Corallin, 39. ■ • 

♦ uietho:!. 4r>9. : Cream of tartar, analysis of, 12f. 

-D. of,‘’80. • i fVcsols, D. of, 4U , r 

Calibration of giwluaA'd iilfctruinetits, IH. i Cyanides tjscd in gjld oxtradcion, ui/ttlysis of. 
Cane-sugar, gliicoso niKlMoxtiin, 1). of, 410. i 21?. 

416. - ‘ Cyaiiogcn, titiT*.ibn of, 2^8. 

— ijiversion of, 410. ^ | - mud, 22.'». ’ " «. 

C.TjboUo acid, D. of, 404. *, 

I’lnbon dioxide D. of, by "oi^ine, 10b. 111. •■Dkvtkim, U'of, 41(1. 


— in aerated wntciH. P. of, 107, 

— - in air, D. of, 10lr‘. , 4 

- - — in waters, D. of, 104. 

-- disnljihide, P. of, 3fi0. 

~ — in benzonc, P. of,'37(>. 

• - in steel, eolorimetr'ic P. of (<')ggei ti' 248. 
Carbonic acid.'ji. rtf, 101 . 

Cauit^e and carboaaVl alkalies, titiation 
of. (■»] 


Pieiuoinatos, 1). of, Hy. ^ ^ 

, Pistillation 0 ^,substances witii hyilnu'liloric 
.aoitl into alkali iodjilc. 110. 

I'linTDRosis, 11. 

! I'lstcr value of oils and fats, 391. 

MthvI oiungc, 36. 

Fa("I” cs for Ihc calculation of luudyscs/.U. 


• j)ota.‘ili or soda. P of by dichron.afe, f>.>. ■ Fats, amdvsis <it, :IH7. 


Cerium, P! of, 18I 
Cldorates, I), of, 180. i 

— indirect D, of. 140. o 

— iodates and brotnates, T) of, 101. 

Chloric aivl nitric acids, lodiuietiio P. of, 

' ‘.88. 

Clilorido of bme. titi'at?..n of,. 186. 

- Clilorides, bioninlcs and iodides. ]). of, 231. 

— chlorates and ^>ercl.Ior.\tc.s, analysis of 
, mixfui..! of,-, 188. 

— hy|iocbloiite.s and ohlorateg, "iialy.sis of 

mixturCB of, 180. 

Chlorine, direct‘J)rccipitation of, 183. 

— titration of in neutral solution, 147. 
-— -lejcl solution (Volliard), l.'io. 

181. 

water, titiation of, I 80 . 

Chromates, P. of, 140, l92. 

Chrome iron ore. analysis of, 193. 

Chromic acid, iodimetric P. of, 192, 199. 


Fclilnn^'s solution. jiic|«uaiion of, 412. 

I Ferric t'oiupounds, icduclion to fenous, 1..3, 
23'.t. 

- - titration of, 240. 

- indicator for Volii.xrd's [)Mh<ss, ITl 
Fenlovanidcs, titration of, 22.') 

; Fciioihronic. 196. 

Fcirocvanidc'., analvsiH of. 220. 221. 

I — < onimcicial. .niiiKsi'' of, 222. 

Flasks, (iilcb's, 17. 

; — iiKMsuriiig. 16. 

[‘Float, Fidinr in'a, 14. 

FennaldehyiK', 1). of, 371, 023. 

' Formalin, 371. 

Formic acid, 1). of, 116. 

Friedrich’s glass stop-cock. 12. 

, Fruit juiccfl, D. ofoitncmid in, 116. 

(.Us liquor, analysis of, 77. 

Gcisslor’s buiet'10. 


Chorley’s apparatus for preserving standard Glass stop-cocks, lubricant for, 16. 


Gluoo,se, P. of (Fehling), 412. 

— - --- by cyano-cupric process (Gerrard), 

416. 

_ .. — I’avy’s metlio*!, 113. 

-- sucrose and dextrin, P. of, 116. 

Glycerin (crude), international methods for 
analysis of, 376. 

GlycerfX, P. of, 376.' 

— in oils and f.ats, 1). of, 383. 

- as* cuprous fhiocyanate (Volhard),. Gold, D. of, 228. 

210. Graduat d instruments, the corrc'.t reading 

— — as sulphide (Pelouzo), 208. of, 13. 

-by potassium cyanide (Furkes). 206. 

-1/ stannous chloride (Well), 209. . Hirdxbss 01 Va' srs, Hehner’s method for 

-by titration of coppei ferrocyanide' D. of, 469. 

(S&oohcz), 217. , Hchner value of oils a id fats, 388i 


l obitions, 24. 

Chromium, reduction by iron, 192. 
— in steel. D. of-196, 198, 352. 
t^itrwViA, P. of, Ill. 

Cpbalt, D. of, 200. 
t-'ochineal aoliirion, 38. 

Congo red, 39. 

Copper, P. of, iOl. 

-cuprous iodide, 203. 
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Herzfcld's il^ihod for D. of fiioros^. 410. * 
Hofmann’s clamp, Jl. ® f 

Hydrofluoric acid, i). of, 116.* 
Hydrdfluoeilioio acid, D. of, 118. 

Jls'drogen porofidj, anclysi of, 804. 
jlydroxid(*8*and carbonates, mixed, 0. of, 
61. • • • t 

Hydjoxjil, analj^sis or, 804. 


• Hypoph^phitesf ^f, 5>I7. 


Il#DICATOIW, 32. , 

— apj|lication of ionic tlieory to, ^ 

—- classification of, 40. * « 

— oxlja sensit^'e, 'V. * 

— general characteristics of, ^ • 

— - sensitiveness of, 32. 

• - theory of, 41. 

— Thomson’s results with, 40. 

' - use of two, 38, 62. 
liflicator, ferric, 161. • 

Indigo, rod in iudigo, D. of, 887. 

—^’alu,*ron of, 382. • 

’ Indirect determirAtion of ammonia, lime, 
alkaline eart.hf, etc., 149. « 

lodatos, D. of, 139. " 

LxlidcH, bromides and cldorides, 1). of, 231. 
influence of in iodimotry, 187. 

— hWutinn of wilh clccinoiinnl silver, 286, 

318. 

Iodine, I>. by distillation, 220. 

— combined, o\i<Lifion by clilorine, 288. 

— • ill presence of bromidra and clilo- 

I ides, 23). 

— free, titration of, 134. 

— titiatioua, cause of rc—pf ^lanec of blue 

* colour, 186. • 

—■ value of oils and fats, 40<i. 

.— 1). of, 400. 

lodimetry and lodimctric jn'occsscs, 184. 

—• dccinormal soldi ion %, 136. 

— oxij^ation by piTinangauatc, 284. 

^ Iron, eolorimotiic D. of, 244. 

1). of ip ))lmrmaccutica4syiii|is, 240. 
*-<l.^watcr, D. of, 246. 

-- (fenic), T). with iodine anil tliKxsnlpliatc, 
213. ' 

— - reduction to ferrous state, 2.89. 

— ~ titration by sodium thio-siilph.itc, 242. 

..jibrn#ngaoatc, 181. 

- stannous chloride, 28lt. 

/—-tita»'ou3 chlorido, 240. 

(ferrous), titration with fJfcliromale 
(Pennv), 132, 236. 

• - -- - wilh pcrTimiiganate, 237. 

— ores, analysis of, 246. 

<4 

KteIiDahi.’.s method for nitrocen, 86. • 

Kjeldahl-diiiining pro^e a, dih 
-- Jodlbaucr process,'91. 

Kottj^ct^er valuo of oils and fals, 389. 


of, 


of 


i Laomoid, 30. 

Lactose, D. of, 

Lead, D. (rf, 262. 

-y dioxide, D.*o.', l4b. * • ^ 

' — in citric and3?iitario acids, D. of, 234. 

:-cream ot tartar, D. of, 254.* 4 

--presence of iroif, colorimetric T). 

267. . 

•-wators, colc.i metric D. of, 266. 

— . — j)o,rmissU|le amount of, 257. 
and ziii^ Tb of, 360. 

^ffmann and beam’s modification 
Reichert prfk'eas for butter, 396. # 

Lir'e and lemon jukcs, D, of citric acid in, 

ur>. , 

Litmus paper, 35. 

— soluti.-'ii, 38. 

- tbpory of ^uc rction of, 36. 

Litfc. the, 2 I. 

Magnesium, D. of, 268^^^ 

— Ill waters, D. of, 269. 

M|inga* 08 C, D. of, 260. 

- Iiy bismutbatc^proecss. 2^. 

4 iron, 272. ^ 

-— pcrmanga)jato (Volliard), 265,26p. 

• -- persulphate, 269. • 

' — colorimetric D. of small quantities ot in 
I ^ water (Lulirig), 26!^ ••• 

' — dioxide, ^luat* lif of, 270. 

' • ores, technical examination <‘f. 270. 

Measuring flask, tl».s 16. ‘ 

— *— calibnCion of, 19? , 

Mercury^, of, 273. 

' Methyl orange, 36, 623. 

— red, 36. * 0 

— balicylate, analysw of, 408. 

Methylene blue iiuljcator, 188. 

Metric system, the, 24. 

Wilk-siigar, I). of,'416. 

— and cane-sugar, I), of, 416. 

Molu’s burette, 8 . 

-mode of using. 11 . 

, Molylidate solution (!Vi..bcrt 8 n), 313. 

; Nkrslkr’s solution, ^ 86 . 

; Nickel. I). of, 278. ^ 

and cobalt, D. liy feirocyanid* 

-- cyanide, 28-1. 

— iii.Htccl. 1). of.‘28I, 283.« 

rajiyl U. in preseic© of chromium, iron, 
and manfanese, 282* , 

; Nitrate of limeyindircct D. of nitrogen in, 74. 

I Nitrates, D. by conversion itit<»*amm<»ia 
• (Schulze), 286. 

I • • — • (Devarda’s method), 

i 299. 

.as nitric oxide (Crum), 449« ^ 

i -- by Hjcldalil-dunning-Jodlbauer jiro- 
! cess, 91. 
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niH, ])ro^)i\,ra- 


^jtrate8,|D. by ojtidation of ferrous aalts 
(relouzo), 287. 

"-^ — -r-; (Schlosiiic), 291. 

-?»f, hi thelbsenoo dt ammonium siv'ta 

(Vfsoh), 297. 

----and of organu* nitrogm, 

',298. 

Nitric acid, ioiUmctrK i). < r..l89. 

— and nitrous acitls, HCparute I), of (Frank- 

land), m. 

Nitritca, D. liy iwrmanganate. :t09. 

— gasoraetrio I), of. 8():i. 

—■'’^odimrtrio D. of, 9<X>. 

Nitrogen in the abstmct^ of nitratca, D. oi, 86. 

— -presence of ntratcs, D. of, b . 

— - D. by Ronch^:''8 roethoa, 9{1. 

— in Bpent oxide. D. of, 92. 

~ — nitro-subatitution jompounds, D of, 
92. ^ 

Nordhauaen sidf'/'Wc acid, anaV •sis of, 122, 
Nori;al acid and aV..;'li soluti' 
tion of, 45. 

— hydrochloric acid, 52. 

— nitric aiMd, 52. 

— oxalic acid, fil. 

-r potash and soda, 5-?. 

' — pofa.sHiuni carbonate, -ip. 

—■ swlium carbonate, 49. 

— Kd.*ation, <lcfinr*'on of, 29. 

— sulphuric acid, 49. . 

annlysia of, 387. _ 

O.leum, 122. ’ 

Organic salts of tne alkalies, titrat;on of, 68. 
Oxalic acid, titration of, 120. 

Oxidizing agcnbr-'iscd in volumetric analvsis, 
127. 

Oxygen dissolved, D. of, 468. 

— — in 'Vetera and efiluents, 1). of, 468,480. 
— lodimel ic D. of (T.iresli), 475. 

Pavy’s Boldiion, 413. 

Pemberton's molybdic metliod for D. of 
‘phosphoric'Void,'''.212. 

Perehlorate in Ciiili saltpetre, 1). of, 188. 
Persulphatcs, D. of, 342. 

Phenaectolin, 38., 

Phen'WphVhalein, 37. 

— and methyl orange, mixture of, 38. 
jJ'bohaviour 4rith boric acid, 97. 

Phenols, D. of, 404. i 

. Phosphates, D. W uranium solution, 307. 

— ... — silver nitrate (ilolleman), 316. 
Piiospliifds, todimetrio D. of, 317. 

Phosphoric acid in Combination with lime 

and magnesia, D. of, 210. 

-— alkali and alkaline earthy phos- 

( phatea, D. of, 313. 

— -foodstulls, D. of, 316; 

-D. by silver nitrate, 316. 


rhoephorio acid, titration of, K.0. 

V 'hospho^AS in iron and^teel, D. of, 249. 
Pinoh-cocks, ‘il. 

Pijiette, the, 15. 

— calibration«f, 20. » 

Polenske value of fats, D. of, 307. ^ 

Potassium aud«.odiupi chlorides, indirect t>. 
of, 150. / ‘ •• 

— kv-iodhte as standarauing regent, 48. 

— ti. by sodiii'il oobaltinitrite. 6^ 
ilichromate, decinormal solution of, 134. 

— fcrrc^ytiDW®* titration of, 220. ^ 

~ vdate, 11^0 of in iodimetry, 138. 
--'permanganate, deoinormal Bolyfion of, 

I 128. 

---calculation of results of 

analyses made with, 131. 

— tctroxalatc as standardizing reagent, 65. 
j — thiocyanate, dcx;inormal, 151. 

! Preservation of srandard solutions, 22. *■ 

I 

Rei>'o'’INo agents used in volumetric adaly- 
I sis, 128. * 

, Reichert value of oils and fats, 391. 
Reichert-Meissl amh Reichert-Wollny value, 

' 1). of, 391. 

{ Residual method of analysis, 4. 
j RosoUc acid, 39. 

! Saucy uu acid, D. of, 406. 

'-hmits of. allowed in food, 408. • 

j Salt cake, analysis of, 70. 

' SaponiBcation value of oils and fata, 389. 
i Schcllbaeh’s burette, 9. 

:'Sclcniuni, D.|#sf, 318. 
i Sewage, atiuiysis of, 444. 

- cftluents, standards for, 484. 

• - ~ typical analyses of, 486. 

.Silver, T). by decinormal sodium chloride, 

I 318. .( 

; — in acid solutiou, I). of (VolJard), '60,319. 

I - - — ores and alloys, D. of, 319. 

— — plate, coi», etc., D. of, 320. ' 

— solution, decinormal, 146. ' ’ 

Soap, analysis of, 71. 

Soda ash, analysis of, 69, 623. 

Sodium, I). by potassium diliydroxytartrate 
and permanganate, 65. 

— - carbonate os standardbrlng re.agent, 46. 

— chloride, decinormal solution of, 147. 

— oxalate as standardizing •^ent, 48. * 

— IierbSratc, 3Q6. 

— IxJroxide, analysis of 306. 

— silicate, titration of, 37. 

~ thiosiiphato and iodine, reai^on be¬ 
tween, 136. 

— decinormal solution of, 136. r., 

-as Btandlid-»a alkalimetry, 47. 

-Volhard’s metnod of standardizatioQ, 

401. » ♦r 
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Spent liquor, aimuoniHcul, aiialf yie of, 7#. 

oxide, 226. * 

StaAdard solutions. ii<l]uattneiit of, 60. 

— — correcliiot.w for ten.perature, 20, 28. 
Stannous chloride solutbn, preparation of, 

134. • • • - I 

StarclfcD. of*41T.* 

— in(^^tor, pfijpjrution of, IJW. • ^ 

— paper, jodiz^, 146. <• 

8ul|mur in, 33^ 

Sugi^r solutions, claOfieatioa of, ^ 

iSugivrs, 409. ® • 

— qpnvcrslog int^ glucose, 410. • 

— ]). by (5yano-cu))ric pn>^'SH. 41.6. 

— ro<luring, D. of, 412. 

.Sulphides, alkali, T). of, 327. 

Siilpliocyanidcfl. ^e.c 'riiUKiyanatcH. 

Sulphur in coabgas. I) of. 326. 

•-jron and steel, 1)5 of, 260, 333. 

— — pyrites, etc., 1). of, 324. 

—#jftlphide8,1), of, 326. ^ 

Sulphuretted hjilrogea, 1). of, 331. 

Siilphurio aci<f D. of, 330. 

— — fuming, analysis of, 122. 

Sulphurous acid and sulphites, 1). of, 327. 
Su|)orpho8phate, 1). «)f ])lioNplioric aejd in, 

:ji2. 

Tannic acid. 1). of, 419. 124. 

Tannin in Iioih, 1). <»f, 423. 

-- tea, i). of, 421. 

-wine, cider, etc., 1). of. 123. 

—• materials, rapid metlifsl for. 120. 

— precipitation by gc'l tin 127. 

Tartaric acid, titration of. HN. 

Tartnvtea, analysis of, 124. 

T«wt-mixers, 18. 

'niiocarhonatt«, i). of. 309. 

Thiocyanates, Tf of. l!l[0. 

-- — (./olharil), IW). 

Tin, coloriinclric D. in foodstnlfs, 310. 

D. of, 343. • 

white-mctal alloy.s, 1). of, 3(6. 

— ore, analysis of, 346. 

— (stannous), titratioif by ferric elilonde, 

344. 

Titanium, D. of, 348. 

Titanous «hlyide, stancLvrd solution of, 210 
Titration, direct ami indirect, 4. 

’ — of hot sorptions, 12. 


Titration, rei^^ual, 4. . 

To^raniips of graiiyatod^irett^, 2f. 

^-eyfiiWers.' 2S.9 • • 

-pipSftes, 21. • 

-flasks, 19. 

Turmeric paper, 38. • 

Tliiosulphato«n presence of suljihide, .sii^ 
phite, and bisulphite, T). of. 332. 

• 

Ukanidj^ D. of. 360. 

' Urea, D. of, 430. 

Urine, .analysis 4‘^8. 

-• - 1). of albumen in. 442. 

-0 -, amuion4v in, 4t0. 

-efilorides in, 429. 

-•- fi^-e neid in, 442. 

-gluco. 0 in, 436. , 

- --lime and magnesia in. 439 

-c pliosphorii^em in, 433. 

—. - - — soda and^itash in, 443. / 

-sulphurio acid in, 434. 

♦— — -total niti^gen in, 443. 

-^iric acid in^36. * 

Vanadicm. 1). of,*!^!. 

' --- ill .steel, 1). of, 362. 

Vinegar, i). of fioc mineral acids in. 94*. 

* Voliujietiic anaKsjii w^hout weighft, 0. 

--Ifcircttlfs, 7. 

ffATP^ aii^y.sis, S]fe<^:il Im^ex of Processes, 
444. 

-preparation of reagents for, 480. 

I Waters, nSialysia of, 441^ 

] Waxes, aniil\siH of, 387. 
i W<'igliLH anil nieasiin s u‘>i‘<l in vohimotjio 

I aii.ilysis, 24. 

! Wijs* .-olutioii iikIiiic, iy3, 

' XiN«' (lii'it, analysis of, 3(51. • 
i — ainl lead, D. of. 3(50. 

I — — manganese, D. of, 387. 

I — T). as ferrooyanidc. 356, 

j-phosphate, 369. 

1 —-zino-mercurj'tliiocyanati!, 369. 

I — in blende. 1). of, 35T ^ 4^^ 

' — in water.supplies, P. of, 26t5. 
j — precipitation as 8ulphi)lo. etc., 36l^^ 
j — ojide and oarb ^ato, titration of, 303. 
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